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To optimize yields in the test process, memory chips typically include spare
rows and columns that can be implemented to replace faulty rows and/or columns
detected in the device by the test equipment. Since only a limited mumber of spares are
available to repair the chip, the tester generally determines a "solution”, or
arrangement where a minimum number of spares can repair a maximum number of
failed cells in order to bring the device within acceptable tolerances. One significant
method for generating such a solution is found in U.S. Patent No. 5,795,797, hereby
expressly incorporated by reference herein, and éssigned to the assignee of the present
invention. 7

Recently, chip makers have recognized the need to test wafers in different |
environments, such as under high and low temperatures. This is because those skilled
in the art have found that failores may occur at some addresses in a particular portion
of the memory array, while different failures may occur in the same portion of the
array at low temperature.

Conventionally, testing wafers at different temperatures involves employing
two separate testers - one for high temperature testing, and the other for low
temperature testing. The wafer is first tested at high temperature, and the failure data
processed to determine a high temperature solution for the available spare rows and/or
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20  simultaneously maintaining high throughput through a multi-tester testing system.
The method and apparatus of the present invention satisfies these needs.

SUMMARY OF THE INVENTION
The redundancy analysis method of the present invention provides a highly
25  optimized way of determining a mukti-tester redundancy solution without sacrificing
wafer throughput. This minimizes costs associated with the test process to help a
semiconductor manufacturer remain competitive.
To realize the foregoing advantages, the invention in one form comprises a
method of determining a redundancy solution for a semiconductor device under test
30 (DUT) having redundant rows and columns. The method includes the steps of first
testing the DUT in a first environment with a first tester to generate a first fail data set.
The first fail data set is then fransferred to a second tester where the DUT is test in a
second environment to generate a second fail data set. The first and second failure
data sets are then merged to create a merged fail data set. A highly optimized
35 redundancy solution is then determined based on the merged fail data set.



testing the DUT in a first environnent with a first tester to generate a
first fail data set.. The first fail data set is then transge@f.
second_tester where the DUT is test in a second environnent t
secondVPAP X4t a set. The first and second failure daP‘éT"éJé?]élSéWe t hen
merged to create a nmerged fail data set. A highly optim zed 35 redundancy
solution is then determ ned based on the nerged fail data set. 19 OCT 2004
WO 01/ 93276 Phildndfikt forny 3 invention idiedpléradnrd ﬁakbeprbﬁeé@mmﬁﬁtmfﬁcmﬁﬂg gmented in
a proces

uf act uri sem duct or nized into
o ancSer R ARG (8 TR preB SR B 15l 3o FRIVBist s Por oFE hod of
r epl aci nghé muentgomr@mpmes:ehieﬂwdnof teplaeibgrisidtyt memonyscedis dvitioledmdant The net hod
i ncl udes f epl ace with
r edundant’ e%en;irtgn s acgf(l)]? I ng ﬁ%ésqgﬁgtgﬁso ?tl rs?@%rs‘i"?“g"’f’ﬁ%&ﬁw in a
firsts engireripeeswith v d@tﬁlemntstam@ng taothgsteps af Ershteisting thefDUT inlat a set .
The 11 1 Shisf virofiiloft witf b first sl b SRR P1iFee il fufioct CTRB ke O8] flg WhEr € Lhe

DUT is test
The first¥etis

fail

environnent to gepnerate a seco

¢hing a

enerate a

ata set.

secon
ﬁ%enémfﬁawﬂéwamnéwm@ the, DA i5dest ifea sregndo create a nmerged
datgvEimerf iH sﬁ&:atea@udﬁuﬁﬁdﬁ@wnmﬁystmd%ﬂamﬁm 8athBas determi ned

ned, the

based on the ner fail data Af t sol ytio det er m
redundar‘f’FE’E‘(WvEn e@eﬁr{ﬁﬁrsaglg{gg@faé{]dq e?hé@‘éﬂ@@f’% rg ABCYa| | ocated to

r epliace sbiution & thed determined bazdd on tteaherpedfailiatSfet. DERSRIHR Bhitioflis THE DRAW NGS

15 The IGUERELEN U i RO S coHNISIT0RA i SRR, L0 AeLRl | oW 1O

nore

det'a escription and acconpanyl ng

Is a

bl ock dut@g:pmﬂfewlaﬂﬂdtm%esdlencdm system according to one form of t he
)present invention; FIGS. 2A and 2B are diagrans illustrating the

conventi onal redundanc 20 anal -thod for
3A-3C are diagrans i - ' g 1k DRA

mul ti-tester syst

01;1 1he prSsefjheiﬂ%ﬁﬁéﬂ@:ﬂlbib@erﬂndeﬁst@odﬂﬁ\&féiaﬁetﬁlﬂ@ffolim hrﬁbfépfs
t he met ho ustrated 4 n Fi . is a flowchart o

spemﬂgmﬁl ie?%?t%ﬁni%&%cgo ?ﬁ%ﬂg é’g’%‘gf Figure 4; and FlI
fl owchart ofP'Iﬁ)rlelsmlﬁdlwsmqﬁamtéhﬁsmgeﬁsysttd:mammqlimgScsbnngfcmﬁnmf of

20

25

30

35

the present invention;

FIGs. 2A and 2B are diagrams illustrating the conventional redundancy
analysis method for multi-tester systems;

FIGs. 3A-3C are diagrams illustrating one form of the redundancy analysis
method of the present invention;

FIG. 4 is a flowchart specifying steps used in the method illustrated in Figure
3; ‘

FIG. 5 is a flowchart of more specific steps relating to the testing steps of
Figure 4; and

FIG. 6 is a flowchart of more specific steps relatmg to the compressing step of
Figure 5.

DETAILED DESCRIPTION OF THE INVENTION
Referring now to Figure 1, a multi-tester test system in accordance with the
present invention includes respective first and second semiconductor testers 10 and 16
for testing a semiconductor wafer 12 at respective high and low temperatures. As is
well known in the art, the wafer comprises a plurality of formed memory devices that,
while under test, are known as devices-under-test, or DUT's. The testers preferably
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of the present invention.
‘With reference to Figure 5, to minimize the fail data file size and the
corresponding transfer time of the first failure data set transfer, thereby optimizing
25  tester throughput, the generating step 102 involves the steps of first capturing failure
data from the DUT to a fanlt RAM, at step 104. The fault RAM comprises memory
within the redundancy analyzers (not shown). Once the failure data is captured, the
data is compressed, at step 106 by any suitable compression algorithm or compressor
hardware such as that disclosed in U.S. Patent No. 5,588,115, assigned to the assignee
30 of the present invention and expressly incorporated herein by reference. Consistent
with the cited patent, the fault RAM genérally stores fault addresses identifying
locations of faults or fails in the DUT. This greatly reduces the amount of data for
. transfer. Additionally, the compression method may involve steps described more
fully below, and illustrated in Figure 6. Once the data is compressed, it is saved for
35 the subsééluent transfer to the second tester, at step 110.
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from the respective first and second fail data sets to improve wafer yields. While the
conventional redundancy analysis method described previously would have failed a
DUT exhibiting respective first and second data sets shown in Figures 2 and 3, by
virtue of the fact that the present invention waits to determine a solution after the first
25  and second data sets are merged, the redundancy solution successfully repairs the
DUT. As a direct result, wafer yields are substantially increased upwards of 3% or

more.
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with a Gigrst tester to generate a 5 first fail data set; transferring said
first fail data set to a.secqnd tester; testing said chip in a second
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10 set; and deternining a r. sol,uti on hased on said nerged fail
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conpressing said failure data;, and saving said conpressed
failure data. 3. mepgingid Grst and sacandfailglata setato nrrateymengedifaibdatd or a
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) P aetermmmg a redundaricy so utlon%ased on said merged fail data set.

2. A method of determining a redundancy solution for a semiconductor
memory according to Claim 1 wherein both of said steps of testing include the steps
of:

capturing failure data from the DUT to a fault RAM;
5 compressing said failure data; and
saving said compressed failure data.

3. A methed of determining a redundancy solution for a semiconductor

memory according to Claim 2 wherein said step of compressing includes the steps of:

analyzing said fail data set;

generating must-fail column data;

) 5 establishing a file o the must-fail column addresses;

selectively removing fails residing in the must-fail columns from said
fault RAM;

writing the remaining fail data to a contiguous memory portion in said
fault RAM.

10
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colums fromsaid fault-RAM witing the remaining fail data to a
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organi zed into rows and columms of nenory cells, a nmethod of replacing
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ol UM, yenerate a first fail data set; 7
transferring said first fail data set to a second tester;
testing said chipin a second environment with said second
25  tester to generate a second fail data set;
merging said first and second fail data sets to create a merged

fail data set; and
determining a redundancy solution based on said merged fail
data set; and
30 allocating said recimdant rows or columns selected in said selecting
step to replace the selected row or column.



