WO 96/ 13003 o L

PCT/ US95/ 13%0i9@13868 AN EFFI Cl ENT METHOD FOR OBTAI NI NG USABRETARFE3%Hd0y
A PARTI ALLY-GOOD MEMORY | NTEGRATED CIRCUI T This invention relates to the
manuf acture and test of sem conductor integrated 15 circuits. The

I nvention is particularly concerned with those types of integrated circuits
that incorporate nultiple functionally identical elenents such as nenory
bits in a menory device. The invention is further applicable to nenory
nodul es that incorporate nmenory devices manufactured in accordance with the
invention. It is also applicable to integrated circuits that integrate
nunmer ous functional elenents on a 20 -single device in which a subset of
the functional elenments constitute a V|able product. As the device
geonetries of integrated circuits continue to decrease with inprovenents in
manuf act urfng processes, greater numbers of. circuits can be arrayed on a
single integrated circuit die. There is also an increased probability that
at | east 25 sonme of these circuits will be defective in sonme way. It
has becone standard practice in the design of Dynan1c RandonlAccess annry
(DRAM devices to prOV|de

100 AN EFFICIENT METHOD FOR OBTAINING USABLE PARTS FROM A
PARTIALLY GOOD MEMORY INTEGRATED CIRCUIT

This invention relates to the manufacture and test of semiconductor integrated
15 circuits. The invention is particularly concerned with those types of integratéd
circuits that incorporate multiple functionally identical elements such as memory bits
in a memory device. The invention is further appllcable to memory modules that
incorporate memory devices manufactured in accordance with the invention. It is afso
applicable to integrated circuits that integrate numerous functional elements on a |

20  single device in which a subset of the functional elements constitute a viable product.

As the device geometries of ix;tegrated circuits continue to decrease w1th _
1mprovements in manufacturing processes, greater numbers of circuits can be arrayed
on a single integrated circuit die. There is also an mcreased probablhty that at least

25 - some of these circuits will be defective in some way. It has become standard practice
in the design of Dyﬁamic Randb_m Access Memory (DRAM) devices to provide
redundant memory elements that can be used to repléce defective memory. elements -

- and thereby increase device yields. .Redu_nd'ant elements can ,only be used to repair
certain types of defects by replacmg arow, a column ora subarray of an array of

30 devices.: Dependmg on the partlcular defect repaired, the device may exhibit . '
undesirable characteristics such as _mcreased standby current, speed degradatlon,

reduction in operating temperature range, or reduction in supply voltage range as a
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r edundant ry.el.ements that can be used to replace defecti . '
oo s FETRONEM

el enents a y increase device yields. Redundant el ements can onfy be
used to repair certain types of defects by replacing a row, a columm or a
subarray of an array of 30 ~ devi ces. Deeending on the particul.ar defect
repai red, the device may exhibit undesirable characteristics such as

I ncreased standby current, speed degradation, reduction in operating
tenperature range, or reduction in supply voltage range as a WO 96/ 13003
PCT/ US95/ 13514 2 result of the defect being present on the die. Certain

other types Ot il 364 adanMRineedeEPAN 186" SRR WEl ol QrabiebRUuiATeY

t echni ques al one. ec as power to groun na portion of

the array canrggairéd effeéthRlyf@ivoupd red@idafPelechnifgesilére. tDefebte seit &oweqsli r ed
to locate the defect in a test environnent. Mepory devices with

limted known gosindsherthinapdrtion of thedirzay cap aravent the devige fiom epevatingevendo f
S pec the extent required to locate the defect in a test environment. Memory aevices with
5 limited known defects have been sold as “partials,” “aﬁdio RAMSs” or “off spec
- devices” provided that the defects do not prohibitively degrade the performance of

the functional portions of the memory. The value of a partially functional device
decreases dramatically as the performance of the device deviates from that of the
standard fully functional device. The desire to make use of devices with limited -

10 defects, and the problems associated with the performance of these devices due to the

defects are well known in the industry.

One embodiment of the invention discloses an integrated circuit memory
device which has multiple subarray partitions which can be independently electrically
15 isolated from the remaining circuitry on the integrated circuit. Each of the subarrays
of the integrated circuit can be independently tested to verify functionality. The
increased testability of these devices provides for greater ease of isolating and solving
manufacturing problems. Should a subarray of the integrated circuit be found to be
inoperable, it is electricé.liy'isolated frbnq the remaining circuitry so that it cannot
20 interfere with the normal operation of the device. Defects such aé power to ground
shorts in a subarray which would have previously been catastrophic are electrically
isolated allowing the remaining functional subarrays to be utilized either as a repaired
device or as a memory device of lessor capacity. Integrated circuit repair which
- -includes isolation of inqperative ele_r_né_nts eliminates the current draw and other -
25 performance degradations that have previously been associated with integrated
circuits that repair defects through the incorporation of redundant elements aloné.
Further, the manufacturing costs associated with the production of a new device of _
greafexj integration are recuperated sooner by utilizing partially good devices which
would otherwise be discarded. F o'.r example, a 256 megabit DRAM with :ight'

30 subarray partitidns could have a number of defective bits that would prevent repéir of
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devi ces" provided that the defects do not prohibitively degrade the

per f'or mancewef9stiBeusfs uncti onal portions of the menory. The val BETHISIF13514
partially functional device decreases dranmatically as the perfornmance of
the device deviates fromthat of the standard fully functional device. The
desire to nmake use of devices with Iimted3l0 defects, and the problens
associated with the performance of these devices due to the defects are
wel | known in the industry. One enbodi nent of the invention discloses an
integrated circuit nennry device which has nmultiple subarray partitions

whi ch can be i ndepende electrically 15 I sol ated from the remaining
circuitry on tthnadqmee@:mgictouvmn@l re@mshn@ﬁ tet:huqmﬁbdn ohservaricetaf ghe
integrated circujt ca he. i nde dent | o verify functi ity. The
i ncr eased t estlS h Q}IS yeal é)”dg*ﬁq,"eﬁ °(5’rve &y aﬁea’égpgdé‘}/m

i sol ating and gl hﬁps“?%ﬁ%”a aa@ée%'mov%‘r%g?m atb Py d%réafk?as

I nt egrat ed CII’CUIt perable ectrlca 'y 1sol ated

fromthe rerraBmsnglczsrmagabimrsﬂ:efb&paciﬂescannot 20 interfere with the
normal operation of the device. Defects such as power to ground shorts in a

subar ray whi ch woul d have previously been catastrophic are electrically

| sol ated all owi ng. tigof SR 0L G WIRIdG 4Bbical BEULERIPin' Be Broiblibd FfleSble"

as a repaired
modules specifically designed to make use of these devices. For example, a 4 megabit

by 36 SIMM module which might otherwise be designed with two 4 megabit by 18
DRAMs of the 64 megabit DRAM generation, are designed with three DRAMs where

10 one or more of the DRAMs is manufactured in accordance with the present invention
such as three each 4 megabit by 12 DRAMs. In this case each of the three DRAMs is
of the 64 megabit generation, but each has only 46 megabits of functional memory
cells. Memory devices of the type described in this specification can also be used in
multichip modules,' single-in-line packages, on motherboards, etc. It should be noted

15 * that this technique is not limited to memory devices such as DRAM, static random -
access memory (SRAM) and read only memory (ROM, PROM, EPROM, EEPROM,
FLASH, etc.). For example, a 64 pin programmable logic array could take advantage
of the disclosed-ihvéntibn to allow partial good die to be sold as 28, 32 or 48 pin logic

) devices by isolating defective circuitry on the die. As another example,

20 _microprbcessors typically have certain portions of the die that utilize an array of
elements such as RAM or ROM as well as a number of integrated discrete functional
units. Microprocessors repaired in accordance with the teachings of this_invention can
be sold as microprocessors with less on board RAM or ROM, or as microprocessors:
with fewer integrated features. A further example is of an application specific

25 integrated circuit (ASIC) with multiple circuits that pérforni independent functions

| such as an arithrﬁetic unit, a timer, a memory controller, etc. It is possible to isolate
defective circuits and obtain functional devices that have a subset of the possible
' features of a fully functional device. - Isolation of defective circuits méy be
accorﬂplished through the use of laser fuses, electrical fuses, other noﬁvolatile data

30 storage elementé, or the programming of control signals. Electrical fuses include
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device or as.a nenmpry device of |essor capacity. Integrated cj | ir ...
whi ch incl MYOI6{13WBat i on of inoperative el enerits elimnates t héi;c %srlie:ﬁ?? B
draw and ot her 25 per formance degradati ons that have preéviousty been
associated with integrated circuits that repair defects through the

i ncorporation of redundant el enents al one. 4urther, the manufacturing costs
associated with the production of a new device of greater integration are
recuperated sooner by utilizing partially good devices which woul d

ot herwi se be discarded. For exanple, a 256 negabit DRAM wi th ei ght 30
subarray par it RS Sa pasf SnIaavedhadel SSigknBbly opehd, al s
PCT/ US95/ 1351 VAl e | He o ifusGhni ques. In
observance of4¥ gﬁ?%a%ﬁﬁﬁhggoggﬂ%sei.nve%ﬁﬂgﬂ&@% oneg%\/va&}her W th
defective subanays are isolated fromfunctional subarrays, and nenory

devi ces of |ower capacity are recovered for sale as . L.
ne advantage of this invention is that it provides an integrated circuit that can

5 be tested and repaired despite the prese;hqe of what would previously have been
catastrophic defects. Another advantage of this invention is that is provides an
integrated circuit that does not exhibit undesirable electrical characteristics due to the
presence of defective elements. An additional advantage of the invention is an
increase in the yield of integrated circuit devices since more types of device defects

10 can be repaired. Still another advantage of the invention is that it provides an
integrated circuit.of decreased size by eliminating the fequirement to include large
anayé of redundant elements to achieve acceptable manufacturing yields. of saleable

devices.

15 The features of the invention as well as further objects and advantages will be _
best understood by reference to the appended claims, detailed description of particular

embodiments and accompanying drawings where:

FIG. 1 is an electrical schematic diagram of a memory device in accordance

20 with one embodiment of the invention;

FIG. 2 is an electrical schematic diagram of 2 memory device in accordance

with another embodiment of the invention;

25 FIG. 3 is an electrical schematic diagram of an integrated circuit according to -

still another embodiment of the invention;

_ FIG. 4 is an electrical schematic diagram of the power isolation devices of _
_ FIGS. 1 through 3.
30 '
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32, 64, 128 megabit or-.other capacities. 5 These |ower capacity rrermr%/
‘devi ces ar ewegogfiséosi n the production of menory nodul es speci f PEIMYSPSA3514
designed to nake use of these devices. For exanple, a 4 negabit by 36 SIMM
modul e whi ch mi ght ot herw se be designed with two 4 negabit by 18 DRAMs of
the 64 negabit DRAM generation, are designesl with three DRAMs where 10

one or nore of the DRAMS is manufactured in accordance with the present

i nvention such as three each 4 negabit by 12 DRAMs. -In this case each of
the three DRAMs is of the 64 negabit generation, but each has only 46
megabits of functional nenory cells. Menory devices of the type described
in this specificati BHG.chis aaleinstrinal scheatin dragram ofiap alterdate embodimentefithe | i ne

packages, on not her,bqards, etc. | d noted 15 that this
technique is nﬁw?qlmq?‘é@‘iﬂlﬁﬁgﬁﬁé‘mﬁ’fw?’gach as DRAM static random
access nmenory (SRAM and read only menory (ROM PROM EPROM EEPROM FLASH,
etc.). For exanple, a 64 pin programmable |ogic array could take advant age

of the disclosed i nPERE 8antefectidabsehpnratit diagmo df 8 feniory eoduld i @8ordEnce32
or 48 pin logic devices by isolating defective circuitry on the die. As
anot her ekanpl wjth one embodiment of the invention. - : L

FIG. 7 is an electrical schematic diagram of an initialization circuit in

accordance with an embodiment of the invention.

10 In accordance with one aspect of the invention, a Dynamic Random Access
Memory (DRAM) is produced. The DRAM memory array is partitioned into multiple
subarrays each of which has primary power and control signals which can be
electrically isolated from other circuitry on the DRAM. Additionally, the DRAM has
test circuitry which is used to individuaﬂy enable and disable each of the memory

15 subarrays as needed to identify defective subaﬁ'ays. The DRAM also has
programmable elements which allow for the electrical isolation of defective subarrays
to be permanent at least with respect to the end user of the DRAM. After the DRAM
is manufactured, it is tested to verify functionality. If the device is nonfunctional,

) individual memory subarrays, or groups of subarrays may be electrically isolated from

20 . f.he remaining DRAM éircuit:ry. Upon further test, it may be discovered that one or
more fnemory subarrays are defeﬁ_:tive, and that thése defects result in the overall

| nonfunctionaiity of the DRAM. The DRAM is them programmed to isolate the
known defective subarrays and their associated circuitry. The DRAM data patﬁ is
also programmed in accordance with the desired device organization. Other minor

25  array defecté may be repaired through the use of redundant membfy elements. The
resulting DRAM will be one of several possible rhe_mory' cépaCities dependent upon.
the granularity of the subarray divisions, and the numbér of defective suB'anays. The
conﬁéuration of the DRAM may be altered in accordance with the number of |
defective subarrays, and the ultimate intended use of the DRAM. For example, in a

30 256 megabit DRAM with eight input/output data lines (32 megabits x 8) and eight
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20-. . m CI B9 5003O" S typically have certain portions of thepgrfisbiredsis
utilize an array of elenents such as. RAM or ROM as well as a nunber of

i ntegrated discrete functional units. Mcroprocessors repaired in
accordance with the teachings of. this inve&g\/‘on can be sold as

m croprocessors with less on board RAM or or as mcroprocessors with
fewer integrated features. A further exanple is of an application specific
25 integrated circuit (ASIC) with nultiple circuits that perform '
i ndependent functions such as an arithnmetic unit, a tiner, a nenory

cont rol | er, _elbartdys! in APEOGIbE hey b6 alopped fieacH defectyd lbairfy ATHe Ob ai N

functional devices that have a subset of the possi ble features of a fully

functional dewvemeiningfunctionahsutfarmdgs arctinteenatly routied o theyappeopriate mplut/ottput

t hrough the use of |asger_fuses, electric fyses, other nonvol atile data 30

storage el ener@Eultyen @%‘F@é?"aﬂﬁ?’ﬂﬁ fﬁ?aggﬁl\t‘iw Py pgiyalept mupberof data s e

:32:% bg& / 13\&_:\? ﬁ(ﬁjdg'épﬂg’sor bits per word, such as a 32_megabit x5, 6 or 7DRAM. Alternately,
"5 . row or column addresses can be eliminated to provide DRAMs with a lessor number

of data words of full data width such as a 4, 8 or 16 megabit x 8 DRAM.

FIG. 1 is a schematic representation of a 256 megabit DRAM designed in
accordance with the présent invention. The DRAM has eight memory subarrays 10
10 which are selectively coﬁpled to global signals VCC 50, DVC2 52, GND 60 and
- VCCP 62. DVC2 is a voltage source having a potential of approximately one half of
VCC, and is often used to bias capacitor plates of the storage cells. VCCPisa volfage
source greater than one threshold voltage above VCC, and is often used as a source
_ for the word line drivérs. Coupling is accomplished via eight isolation éirquits 70, .
15 oﬁe for each subarray 10. The éonh'ol circuit 110 in addition to generating standard
DRAM timing, interface and control signals, generate eight test and eight repaﬁ
signals 122 and 124. One each of the test and repair signals are combined in each one
of eight OR gates 126 .to'generéte_a “DISABLE*” active low isolation control'l2_8 for
each of the isolation éircu_its 70 which correspond to the subarrays 10. It mﬁy be
20 desirable to include circuitry that monito;s current dfaw of the device and on power
_up of the dévice_ isolates all subarrays in the §_vént that excessive current is drawn by
the device. Thenina tegt mod_e,. th_é. sﬁbarrays are individually enabled in order to
determine thich are deféctivé; Another op'ﬁo_n is to include a tést pad on the device
which during test could be used to input a signal that forces all .subarréys. tobe

25 isolated, and allows individual subarrays to be enabled through the use of iest signals.
Methods of controlling DRAMs and generating test mode signals from DRAM

device ADDRESS 132,'DATA 134 é_nd-CONTROL 136 signals are well known in the
art. The generation of REPAIR signals 124 may be accomplished with the use of
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circuits which are nornally conductive and are programmably opened, and

ci rcui ts whingdwearseoanor mal |y open and are progranmmably cl osed PEIUSS/13514
antifuses. One advantage of this invention is that it provides an
integrated circuit that can 5 - be tested and repaired despite the
présence of what woul d previously have been7catastrophic defects. Another
advantage of this invention is that is provides an integrated circuit that
does not exhibit undesirable electrical characteristics due to the presence
of defective elenments. An additional advantage of the invention is an
increase in the yield of integrated circuit devices since.nore types of

devi ce def ect dasep fusescelectticallyqpragrapunabde fuses endata storeddnananyelatile memory

invention is that. it ovi des i ntegrated circuit of decreased size by
el i minating tH@cqt’é’&lﬁ“%ﬂ%ﬁ%wwmﬁgrq ¥e arrays of redundant el enents

to. achi eve acceptabl e manufacturing yields of saleable devices. 15
The features of the invention as well as further abjects and advant ages

wi || be best under sMethddbyf gerepatitigcpptopriatecrepsip eiptield actardiitg, to deds@nletitbds
description of particul ar enbodi nents and acconpanyi ng draw ngs where: FIG

1 is an & ect rcan e ageqmaplished byiparseansidiedintheasrtywigetheaid pfithe presertance
description. Individual subarrays of 10 can be isolated during test or repair, and eight
each of local signals 150, 152, 160 and 162 which correspond to a local source of
VCC, DVC2, GND and VCCP for each subarray 10 when isolated from the global |
source signals 50 through 62 are coupled to the integrated circuit substrate potential

1.0 170. The subarrays of the DRAM can be isolated for test oif repair purposes either
before or after the integrated circuit is packaged depending on the method of
generating the repair signals. If the repair signals are generated through the use of

' laser fuses, it may not be possible to isolate subarrays after the integrated circuif is
packaged. Ifa combinétion of laser fuses and other techniques such as elecfrical fuses

15 are used, then repair through isolation may bg accomplished either before or after
packaging, or both in the event that further device defects beconie apparent dﬁring

 testing of a repaired packaged device. The schematic diagram of FIG. 1 represents a
DRAM wheré each subarray corresponds to a sirigle input/output data line of the
} DATA bus 134. This architecture lends itself to repair tﬁrough isolation of a subarray
20 and elimination of an input/output data line. For each defective subarray an
_ input/outbut data line is dropped, and the remaining input/output data lines are
mapped to the functional subarréys. Typically, the data lines will be dropj’:ed in order
of mosi éigniﬁcant to least significant fbr each defective subé.rray. For exémple, if the
subarray that would otherwise be associated with the sixth of eight input/oﬁtput'déta
25 lines is isolated due to’defects, the eighth data line would be dropped, the sixth data
line multiplexed to the seventh sﬁbaxiray, and the'.s'eventh'da'te_i line multiplexed to the
eighth subarray; " Alternately, the sixth data line could'si_.mply'be mul.tiplexed tothe
~ eighth subarray. This allows fof a consistent device pin out for all devices of a giveh

data width regardless of which subarrays were isolated.

30
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' wthc}g Q6/i5degdi ment of the invention; FIG 2 i's an el echpetmadsnasie
schemat ic diragram of a nenory device in accordance Wi t h ‘anot her .enbodi nent

of the invention; 25 FIG 3 -is an electrical schematic’ di agram
of-an integrated circuit according to still, another enbodi nent of the
invention; FIG 4 is an electrical schematic diagram of the power isolation
devices of FIGS. 1 through 3. 30 WO 96/ 13003 _

PCT/ US95/ 13514 5 FIG 5 is an electrical schematic diagramof an alternate
enbodi nent of the power isolation devices of FIGS. | through 3. FIG 6 is

an el ectrical schemphd Gatd g cAeuiol 86 oMM Of MBSO EpitiiaBCs ShitiGslexers which
are under the control of the “DISABLE*” signals 128 and reroute the data
_ input/output lines to the appropriate subarrays 10. Methods of multiplexing data lines

* are well known in the art and are not specifically described in this specification.

FIG. 2 is a schematic representation .of a 64 megabit DRAM which is also
: designcd in accordance with the present invention. The DRAM has eight memory
subarrays 10 which are selectlvely coupled to global signals VCC 50, DVC2 52, GND
60 and VCCP 62. Couphng is accomplished via eight 1solanon circuits 70, one for
10 each subarray 10. The control circuit 110, in addition to generating standard DRAM
" timing, interface and control f_lmct_ions; ger_lehates eight test signals 122, eight laser
fuse repair signals 124 and eight electrical fuse repair signals 1-+0. One each of the
test and repair signals _afe combined in cach one of eight logic gates 126 to generate a
“DISABLE*” active low isolation control 128 fcr each of the isolation circuits 70
15 which correspond to the suba:trays 10.. A three input OR gate is shown to represent
the logic function 126; however, numerous other methods cf logically combining
digital signals are known in the art. The DRAM of FIG. 2 represenfs a DRAM where
_ each-subarray is tied to multiple input/oufput data lines of the DATA bus 134. This
architecture lends itself to repair through isolation of a subarray and elimination of an
20 address line. When a defectlve subarray is located, half of the subarrays will be |
electrically isolated from the global signals 50 through 62, and one address line wﬂl
be disable&_ih the address de-coc.ier.l 82. In this particular design the most significant
row address is disablcd This provides a 32 megabit DRAM of the same data width as -
the fully functional 64 megabxt DRAM Thxs is a simplified embodlment ofthe
25 invention which is applicable to current DRAM designs with a mlmmum of rede51gn
Devices of memory capacity other than 32 megabits could be obtained through the use
of addmonal address decode modlﬂcatlons and the isolation of fewer Or more memory
subarrays. For example, if only a smgle suba;ray is defective out of eight possible
subarra}.'sl on h 64 .megabit DRAM,’ itis pdssible to design the DRAM so that it can be -
30 configured as a 56 rnegahit DRAM. The achiress range corresponding to the defective
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5 . Wi th one enbodi nent--of the invention. FIG 7 is an electrical S
schematic dwmeeirseed an initialization circuit in accordance WGHUER$13514
enbodi ment of the invention. 10 " In accordance with one aspect of
the invention, a Dynam ¢ Random Access Menory (DRAM is produced. The DRAM
merrory array is partitioned into nultiple subarrays each of which has
primary power and control signals which can be electrically isolated from
other circuitry on the DRAM Additionally, the DRAM has test circuitry
which is used to individually enable and di sabl e each of the nenory 15
subarrays as needed to identify defective subarrays. The DRAM al so has .
pr ogr anmabl e elsehmm'sismmcppedli¥ neeessery stihabit beeamesdhe highest addressranges dathiye

subarrays to be per nt at | east,with, respect to,the .end r of the .
DRANL AT et hEaBRARITeRs s e i b6 usrd, DRCTIE SDPEE MEGRH POt SRR YUY,
I f the device i ] b ACH AV thaEdRA s of
subarrays may tl)lét g?é%??@%g?%éyas%%%ﬁgﬁ om 20 o t6 ﬁ%?@h@ﬁf’%@pw
circuitry. Upofuhdtionhkdred ofthe devicenMdskingianomegabit dddness aagzecoulbbe nenory
subarrays are defective, and that these defecfs result in-:the overall _

nonf unct i énal i apcamplished pithenthronsh progvamming, ahths address:decederor thnughan: he
address decode/mask function external to the DRAM.

Referring now to FIG. 3, an iritegrated circuit is described with multiple

functional elements 12, 20, 30 and 40 which may or may not be ﬁmcﬁondly identical.

10 VCC 50, and GND 60 connections are provided to the functional elements through
isolation devices 70, 80, 90 and 100. The test, conirol and interface circuit 110
provides control and d'ata'signals to and from the functional elements via signal bus
120. After manufacture, the device is placed in a test mode. Methods of pl_aciﬁg a
device iﬂ a test mode are well known in the art and are not specifically described

15 herein. A test mode is providéd to electrically isolate one, some or all of the
functional elements 12 through 40 from global supply signals VCC 50 and GND 60
via cohtrol signals from 110 over signal bus 120. The capability of individually
isofating each of the functional elements 12 through 40 allows ease of test of the

) | control and interface circuits 110, as well as test of each of the functional elements 12

20 through 40 without interference from possible defective elements of 12 through 40.

- Circuits thaf are found defective'ai‘e repair'ed if pdSsible tlﬁough the use of redundant
elements. The redundant elements if present may be located either within the
functional blocks 12 through 40, or elsewhere on the device." After test and repair, any

' * remaining defective functional elements can be programmably isolated from the
25 global supply signals. The device can then be sold in '-aé.cordé.n_ce with the functions
'. that are available. Additional signals such as other supply.‘ soirces, reference signals
or control signals may be 'isolafed in addition to global supply signals VCC and ‘GND.
Control signals in particular rﬁay be isolated by simply isolating the supply 'sign'alé to

the control signal drivers. Further, it may be desirable to couple the local isolated
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known def eciyigg/geg3ar r ays and their associated circuitry. Thepa?mdpsmm
path is also programmed in accordance with the desired device organization.
Q her mnor 25 array defects may be repaired through the use of
redundant nenory el enents. The résulting Mwi |l be one of several

possi bl e nenory capacities dependent upon the granularity of the subarray
divisions, and the nunber of defective subarrays. The configuration of the
DRAM may be -altered in accordance with the nunber of defective subarrays,

and the ultimate intended use of the DRAM For exanple, in a 30 256
megabi t DRAM vhédeseb @ Réferenps pdtentiad wickias the subrerate(fieriah alhch these fjcabuisllesi ght
WO 96/ 13003 PCT/ US95/ 13514

6 subarrays, agreiisglated &onpthe ghabal Hwply, spferance or camroh sigatlsct i ve subarr ay.
The remai ning functional subarrays-are internally routed to the appropriate
I nput/output circuits on the DRAMto provide for a DRAM w th an equi val ent

nunber of data FIG. 4 shows one embodiment of a single isolation circuit of the type that may
5 be used to accomphsh the isolation function of elements 70 through 100 shown in
figures 1,2 and 3. One such circuit is requxred for each sxgnal to be isolated from a
functional element such as elements 12 through 40 of FIG. 3. In FIG. 4, the global
signal 410 is decoupled from the local signal 420 by the presence of a logic low level
on the disable signal node 430 which causes the transistor 440 to become

10 nonconductive between nodes 410 and 420. Addmonally, when the disable node 430 _
is at a logic low level, invertor 450 causes transistor 460 to conduct between a
reference potential 470 and the local node 420. The device size of transistor 440 will
‘be dependent upon the amount of current it will be required to pass when it is
conductmg and the local node is supplying current to a functioning circuit element.

15 | Thus, each such device 440 may have a different device size dependent upon the
characteristics of the particular global node 410, and local node 420. It should also be ’
noted that the logic levels associated with the disable signal 430 must be sufficient to
allow the desired potential of the global node to pass through the transistor 440 when
the local node is not to be isolated from the global node. In the case of an n channel

20 transistor, the minimum high level of the disable signal will typically be one threshold
voltage above the level of the global signal :to_.be passed. . |

| FIG. 5 shows another embodi_rnent ofa single isolation eircuit of the fype that "
~ may be used to accomnlish the isolatien funetion of elements 70 through IOO shown
25 in figures 1, 2 and 3. One such circuit is - required for each signal to be lsolated from a
functional element such as e]ements 12 through 40 of FIG. 3. InFIG. 5, the global '
signal 510 is decoupled from the local 31gnal 520 by the presence of a logic hlgh level
~onthe dlsable sxgnal node 530 whlch causes the transistor 540 to become
| nonconductive between nodes 51 0 and 520 Additionally, when the disable node 530

30 is at a logic high level transistor 560 will conduct between the device substrate
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words of |essor bits per word, such as a 32 negabit x 5, 6 or 7 DRAM

Al ter nat el ywgwe/130030w or col unm addresses can be elininated t 8GIEFAS
DRAMs with a | essor number of data words of full data width such as a 4, 8
or 16 negabit x 8 DRAM FIG 1 is a schematic representation of a 256
megabit DRAM desi gned in accordance with thH.present invention. The DRAM
has ei ght nmenory subarrays 10 10 which are sel ectively coupled to gl obal
signals VCC 50, DvVC2 52, G\D 60 and VCCP 62. DVC2 is a voltage source

havi ng a potential of approximately one half of VCC, and is often used to
bi as capacitor plates of the starage gel | s. a vol tage source

VCCP |
greater than opeteptitldFAdmd thelocalqodg s Oewwngéhﬂiﬁ%?t%ﬁl"éﬁl nedsgtathes source

for the word line, drivers.,Co i i l.i she | ' ' ti
circuits 70, 18besAofiial BBy Rl natue PERAERR 8 G ody LML syl s o
addi tion t0 gepstHaid Besi GRS by PRANMifERIRAG defeet, Ail1afR AP carostt! Bh thel GABAGS
generate eight tést and eight repair signals 122 and 124. One each of the
test and repai a pchamedl solationdramsistor §40, casamustirectabén whein the@lobal node «9Pbe t o
generate a "D SABLE*" active | ow.isol glt]i n confroj. 128 féir each of_ the

i sol at i onSci r chassed 5@ lpgicdawe dp § FRTA% BIsghe s gigylevels shquld be chesens

Qesirable 1o T ichilf ik iwidvellof e biskRIEslgalaPis eHbhERbIA Vol levt KIS the vl
of the global signal to be passed. A

Typically a combination of isolation circuits such as those shown in FIGs. 4
'10 = and 5 will be used. For example, a p channel isolation device may be desirable for
passing VCC, while an n channel isolation device may be preferable for passing
GND. In these cases, the disable signal may have ordinary logic swings of VCC to
GND. If the global signal is allowed to vary between VCC and GND during
operation of the part, then the use of both n channel and p channel isolation devices in
15 | parallel is desirable with opposite polarities of the disable signal driving the device

gates.

FIG. 6 shows an example of a memory module designed in accor&ance with
) the teachings of the present invention. ]n this case the memory module is a 4
20 megaword by 36 bit single in line memory module (SIMM) 610. The SIMM is made
up of six DRAMs 620 of the sixté.en megabit DRAM generation organized as 4dMeg x
'4’s, ahd one DRAM 630 of the sixty-four megabit generation organized as 4Meg x 12.
The 4Meg x 12 DRAM contains one or two defective 4Meg x 2 arrays of memory -
 elements that are electrically isolated from the remaining circuitry on the dram 630. -
25 In the event that the DRAM 630 has only a single defective 4Meg x 2 array, but a .
" device organization of 4Meg x 12 is desired for use in a particular memory module, it
may be desirable to terminate unused data input/output lines on the memory module
in addition to isolating the defectivé 'may. Additionally, it may be determined that it |
is preferable to isolate a second 4Meg x 2. array on the memory device even though it

30 s fully functional in order to provide a lower power 4Meg x 12 device. Twenty-four
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up of the device isolates all subarrays in the event that exc } Ly ent -
is drawn bywpﬁ’é’la@&?i ce. Then in a test node, the subarrays argé?ﬁsﬁ/llf%%gl |y
enabled in order to determ ne which are defective. Another optionis to’
include a test pad on the device which duri nzg test could be used to input a
signal that forces all subarrays to be 25 1IZ5 sol ated, and allows’

I ndi vi dual subarrays to be enabled through the use of test signals. Methods
of controlling DRAMs and generating test node signals from DRAM devi ce
ADDRESS 132, DATA 134 and CONTROL 136 signals are well known in the art.

The generation OPIhe%PﬂnBﬁ&ﬁB@tl p?nslc?nllcc;m}\éctl&? 686 G BRhh&dafto'thd Sxielf mEpabi f

WO 96/ 13003

PCT/ US95/ 13514DRARB®20f The femaihingitvebal daya Piicarecommetted to DPRAM'630a This
stored in a nonvol atile nmenory |ocation such as a FLASH nmenory register.

Met hods of genSH¥M mpdajshaspumgrausiadpantagesioyans SIMM moditlrpficonventiopalrdesigods
' using nine 4Mx4 DRAMs. Advantages include reduced power consumption, |
5 increased reliability and manufacturing yield due to fewer components, and increased
revenue through the use and sale of what may have otherwise been a nonfunctional
sixty-four megabit DRAM. The 4Meg x 36 SIMM module described is merely a
- representation of the numerous possible organizations and types of memory modules

that can be designed in accordance with the present invention by persons skilled in the

10 art.

FIG. 7 shows an initialization circuit which when used as part of the present
invention allows for automatically isolating defective circuit elements that draw
excessive current when an integrated circuit is powered up. By automatically

15 isolating circuit elements that draw excessive current, the device can be repaired
before it is damaged. A power detection circuit 710 is used to generate a power-on
signal 720 when global supply signal 730 reaches a desired potential. Comparator
740 1s used to comj:)are the potential of global supply 730 with local supply 750.
Local supply 750 will be of approximately the same potential as global supply 730

20 when the isolatidn device 760 couples 730 to 750 as long as the circuit element 770 is
not drawing excessive current. If circuit element 770 does draw excessive currenf, the
_reéistivity of the isolation device 760 will cause a potential drop in the local supply
750, and the comparator 740 will output a high level on signal 780. Power-on signal
720 is gated with signal 780 in logic gate 790 so that the comparison is only enabled

25 after power has been on long enough for the local supply potential to reach a valid
level. If signals 800 and 810 are both inactive high, then signal 820 from logic gate
790 will pass fhrdugh gates 830 and 840 and cause isolation signal 850 to be low
‘which will cause the isolation device 760 to decouple the global supply from the local
supply. isolation signal 800 can be used to force signal 850 low regardless of the |

30 output of the comparator as long as signal 810 is high. Signal 800 may be generated
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5 . can be acconplished by persons skilled in the art with the aid of the
present. des®0 p&/iawn3 | ndi vi dual subarrays of 10 can be i sol at REHUPISHG Hest
or repair, and eight each of l|ocal signals 150, 152, 160 and 162 which
correspond to a |ocal source of VCC, DVC2, GND and VCCP for each subarray
10 ‘when isolated fromthe gl obal source sigmals 50 through 62 are coupl ed
to the integrated circuit substrate potential 10 170. The subarrays of
the DRAM can be isolated for test or repair purposes either before or after
the integrated circuit is packaged dependi ng on the nethod of generating

the repair signals. If the repair signals_are generated through the_use of.
| aser fuses, i tiromy tessmade, @(fgmlblwmlwgdﬁm%ﬁréwé menp 770 for

e ot e RO L IO 0 RSy AR 8
i sol ation may Qg 800w 'l§$h?gu}§i'l ©fthe B6daP Sishpy re%fafcﬁéssﬁﬂ‘iﬁé‘ﬂétﬂﬂ,hi?i diesle in

the event t-hat tfurther device defects becone ‘apparent during testiing of a
r epai red packagighali860.cSignall8d0schsefitin testing theaduvide tBldéterthinecthe eawsetaf a DRAM
wher e each subarray, corresponds_to a single_input/out p_%i data lipe of the
DATA bus $34. FRPeSSiE CHITeRtAra o 1n analiernate empodizeng dapitiple iselatian elsmeats BaY of

a,oubarray 20 o vl fheShdoltehRl 780, 8 AV el fhokd AiseF0lsofibEH

def ective subartT
device is enabled to pass a supply voltage 730 to the circuit 770. If the voltage drop

across the resistive device is within a predetermined allowable range, then a sgcond
. lower resistance isolation device is additionally enabled to pass the supply voltage
10 730 to circuit 770. This method provides a more sensitive measurement of the current
.draw of circuit 770. If the voltage drop across the resistive element is above an
acceptable level, then the low.resistance device is not enabled, and the resistive device
can optionally be disabled. If the resistive device does not pass enough current to a
defective circuit 770, it is not necessary to disable it, or even to ‘deszgn it such that it

15 can be disabled. In this case a simple resistor is adequate.

Although the present invention has been described with reference to particular
emﬁodiments, other versions are possible and will be apparent to individuals skilled in
) - theart. The invention therefore, is not limited to the specific features and elements
20 shown. It is intended that the scope of the invention be defined by the appended

claims and in accordance with the doctrine of equivalents. -
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~1 nput/ out p& gg@ﬁ’t"k' ne is dropped and the renmaining | nput / oupeiusIfizaid
lines are B 0 the functional subarrays. Typically, the.data |ines

wi |l be dropped in order of nost significant to Ieast significant for each
def ective subarray. For exanple, if the suﬂ?rray t hat wou

associated with the sixth of eight input/output data 25°
| sol ated due to defects, the eighth data Iine would be dr Hﬁ}lﬂ@”ﬂ”ﬂm
data line nmultiplexed to the seventh subarray, and the seventd

nmul tiplexed to the eighth subarray. Alternately, the sixth data line coul d
sinmply be nul {dpAfwRd to the eighth subarray. This allows for a consistent.
devi ce pin out If'or all devices of a given data wi dth regardl ess of which
subarrays were isolated. 30 WO 96/ 13003

PCT/ US95/ 13514 8 The data map circuit 180 COI’ISI sts of input/out put data
path nmul tipl exers which _

1. An integrated circuit devxce comprising:
5
(a) - multiple circuit élements;
10 (b)  coupling devices for allowing a current to flow from a global supply

node to said circuit elements; and

(c)  programming means for said coupling devices to electrically decouple
15 the global supply node from at least one of said circuit elements.

2. - The integrated circuit of Claim 1, additionally comprising:

20
(a ~alocal supply node for each of said circuit elements, said coupling
devices being between the global supply node and said local supply node; and
(b)  alocal coupling device for coupling said local supply node to a
25 reference potential in response to said programming means decoupling said_' local
‘supply node from the global supply node.
et Has Been Replaced | - * {THIS SHEET HAS BEEN.
i ' REPLACED
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are under the control of the "Dl SABLE*" si gnalé 128 and reroute the data
| nput/ out putwhofyespes © the appropriate subarrays 10. Methods of POTUSSM3SH ng

data lines are well known in the art and are not specifiwﬁj{;
this specification. 5 FIG 2 is a schematic representation of a 64 negabi
DRAM whi ch is al so designed in accordance wish the presenﬂm - :
DRAM has ei ght nenory subarrays 10 which are selectively ulmll"'n"dmi gl'
signal s VCC 50, DVC2 52, GND 60 and VCCP 62. Coupling is acdcofpl Fshed wvi a
eight isolation circuits 70, one.for 10 each subarray 10. The control
circuit 110, in addition to generating standard DRAMtim ng, interface and
control functi@ns, ¢Bredntegeatedeinguit afddaim i (additionally compribing ladestmeans for
repair -signals,124. an i ght ..el ect,rical fuse repair signals  140. e each

of "the tear andnduicinny Sedhalite S50 Cirtit pletitierin e A Srouy gode P
gates 126 to gg‘%@?‘g&g a "Dl SABLE*" active low isolation control 128 for

each of the isolation circuits 70 15 whi ch correspond to the subarrays
10. Athree input OR gate is shown to represent the |ogic function 126;

however, nunerous other nethods of logically conmbining digital signals are
known in Phe art. The DRAM of FIG 2 represents a DRAM where

4. The integrated circuit of Claim 1, wherein said programming means comprises

a laser fuse.

10 S The integrated circuit of Claim 1, wherein said circuit elements are arrays-of

memory elements.

6. The integrated circuit of Claim 1, wherein said coupling means comprises a
15 transistor between the global supply node and one of said circuit elements such that
when said transistor is actuated, current is allowed to pass between the global supply

node and said circuit element through said transistor.

) . c

20 7. The integrated circuit of Claim 1, wherein said programming means comprises

a nonvolatile data storage element.

8. T_he integrated circuit of Claim 7, wherein said nonvolatile data storage

25 element is an electrically pfogrammable fuse.

9. A semiconductor integrated circuit memory device, comprising:

This Sheet Has Been Replace

|

30 ' (a) --"xﬁﬁlti';;le subarrays of memory elements; - | THIS SHEET HAS BEEN

REPLACED
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each subarray is tied to nultiple input/output data |ines of ghgy %g,‘ligsﬂgus
134. This swa$i/n3eei ure lends itself to repair through isolation a
subarray and elimnation of an 20" address |line. Wien a defect’ive
subarray is located, half of the subarrays will be electrically isol ated
fromthe gl obal si gnal s 50 through 62, and 1®ne address IThi9 8hedd Hids BB Replaced
di sabled in the address decoder 182. In this particular
significant row address is disabled. This provides a 32 WM!M"
sanme data width as the fully functional 64 negabit DRAM

sinplified enbodi nent of the 25 I nvention which is applicable to current
DRAM designs with a m' ni mum of redesign. Devices of nenory capacity other
than 32 megabits () gﬁo hbRiSackslibF SleatichllpisoRtingfat Rst drewfakidstbareays
decode m)dlflcatlon an t e Isolation of fewer or nmore nenory subarrays.
For exanpl e, |ﬁ-o;ﬁ|alsupplyq:or@hel subarray is defective out of eight possible
subarrays on a 64 negabit DRAM it is possible to design the DRAM so that
it can be 30 configured as a 56 negabit DRAM The address range

corres pong 'ng t ot h(e ) def f éxr\éﬁlts for temporarily isolating at least one of said subarrays from

t he

the supply potential during a test procedure; and

(d) programming clrcultry for actuating at least one of said isolation

devices to electrically isolate at least one of said subarrays from the supply potentxal

10
10. - The memory device of Claim 9, further comprising circuitry for remapping
one of said subari'ays to a selected data pin of the memory device. '

1 5 i
11.  The memory device of Claim 9, further comprising circuitry for disabling an
address range of the memory device which corresponds to one of said subarrays.

20 12.  The memory device of Claim 9, fLirt_her comprising circuitry for remapping an
address range which corresponds to one of said subarrays such that it corresponds to -
another of said subarrays. '

25 13.  The memory device of Claim 9, further comprising a device for electrically
isolating a control signal from a defective one of said subarrays such that defects in
the defective subarray will not affect the control signal. .

o THiS SHEET Has SEeN

30 14.  A'method of producing a memory device, comprising: REPLACES
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9 subarray worgmped i f necessary so that it becomes the hi gnezmsmmsmss :
range. In this case, all address |ines would be used, but_the upper :
megabits of address space woul d not be recognized as a valid a

that device, or would be remapped to a functizonal area of tm,g )

Maski ng an 8 negabit address range could be 5 acconpl i s eﬂRe Iaced
t hrough programm ng of the address decoder or through an ad m@

decode/ mask function external to the DRAM Referring now to

integrated circuit is described wth nmultiple functional eI errents 12, 20,

30 and 40 which may or may not be functionally |dent|cal - VCC 50 and
'G\D 60 connections ar provi ded to the funct.i on | epent s t

i sol ation devices 70(2)g0, THPURSHING® MmemRary; dig i ﬁ]l"P arLayq o meg?qrgegments
circuit 110 provides control and data signals to and fromthe functional

el enments via signal bus 120. After manufacture, the device is placed in a
test node. Met hods o Rpl agastifig ﬁledﬁmsgdza;@dt est node are well known in the
art and are not specifically descrl bed 15 herein. A test node is
provided td» electrically isolate one, sonme or all of the

(c) isolating an array of memory elements from a supply potential node on

the memory die.

10 15.  The method of Claim 14, further comprising:

packaging the memory die, wherein said isolating step occurs after said

packaging step.
15
16. A niemory module comprising:
a memory device comprising programming means for electrically isolating
' ' defective memory elements from functional circuitry on said memory device.
20
17.  The memory module of Claim 16, whex"cin'_said pmgramming means
comprises means for disabling a data path corresporiding to an array of memory
elements on said memory device. '
25
18.  The memory module of Claim 16, wherein said programming means
comprises means for disabling a range of address locat:ons corresponding to an array
_ : of memory e]ements on said memory device.
30 |
v -

THIS SHILT AT BREN
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functi onal aj SRS 12 through 40 from gl obal supply signals PCI/ESA3§14GND
60 via control -signals from 110 over signal bus 120. Th

i ndi vidual Iy isolating each of the functional elenents 1 throu h 40 al | ows
ease of test of the control and interface cygcuits 110, a *Eﬁqm@ﬁ
each of the functional elenents 12 20 t hrough 40 mnthou

from possi bl e defective elenents of 12 through 40. G rcuit

defective are repaired if possible through the use of redundant elenen S.
The redundant el enents if present may be located either within the
functional blocks 12 through 40, or el sewhere on the device. After test and

repair, any remaining defective functjonal elenments can be pro anmabl y
i sol ated from d%e ZQ%emef@WtSﬁ‘P ule,phElaIm; 16a 3 @relﬁP@d@éQErE'@“ g-{eﬁ% be sol d

~in accordance V\nththefuntlons I

such as ot her SOPBIYFSIBHREER renga&ée%%gg?g}egn gi’egxlrx&ésongre{tﬂeﬁ’?@l\d 2 s'ﬁgh

i solated in adgs itG8 cérthedle@6anstHedata pingnal s VCC and GND. Cont rol si gnal S
in particular may be isolated by sinply isolating the supply signals to the

control sisgnal drivers. Further, it may be desirable to couple the |ocal
i sol at ed ' '

.20. The memory module of Claim 16, further comprising a means to remap a.

group of memory elements to an alternate address range. -

10
21.  The memory module of Claim 16, further comprising a means to mask a range

of address locations corresponding to a group of defective memory elements. '

15 22.  The memory module of Claim 16, wherein said memory device further
comprises functional memory elements and defective memory elements where said

defective memory elements have been electrically isolated from said functional

memory elements.

20
23.  The memory module of Claim 22, wherein the memory device has bégn .

programmed to disable a data path corresponding to said defective memory elements.

25 24.  The metnorf module of Claim 22, wherein the memory device has been
programmed to disable an address range corresponding to said defective memory

elements.

' 30 ' 25. A Single In Line Memory Module comprising: TPZES'SHEET AS BEEN

| - REPLAGED
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WO 96/ 13003 '
PCT/ US95/ 13ﬁb<b6flmsnodes to a referfence potential such as t hePEEASINIISH _
potential when these |ocal nodes are isolated fromthe gJ—QbaJ\Qply\
reference or control signals. FIG 4 shows one enbodi ment of a single

i solation circuit of the type that may 5. 1%e used to a Hﬁh\Béehﬁe ]ac

I sol ation function of elenments 70 through 100 shown in.fi

One such circuit is required for each signal to be isolat M Zi'
functional elenent such as elements 12 through 40 of FIG 3. In

gl obal signal 410 is decoupled fromthe local signal 420 by the presence of
a logic lowlevel on the disable signal node 430 which causes t he

transi stor 440 to becg I :

Addi tional |y, when taﬁgqﬁ?é' vg:e%géﬁ) "“‘J‘e\é%éégecm QIEES? &@ﬂ&eﬁér%or
450 causes tra@%ﬁ& R6ASAR 4 ProgRitable V68 Which ik Qf%rﬁﬁﬁﬁdﬂekl%aﬁicﬁll y {sbfat@nd
the | ocal node 0. The device size of transistor 440 wi |l be dependent
upon t he anpunthecdefentive armay fitormihelsupply medeiof sadd temparg deviken it is
conducting and the local node is supplying current to a functioning circuit
el enent . :

26.  An initialization circuit for an integrz}_ted cifcuit device comprising multiple
circuit elements and isolation means between one of the circuit elements and a
- potential supply node, the initialization circuit comprising:
10 |
(@)  acurrent sensing means to detect a flow of excessive current through

the isolation means;

(b)  apower detection means to detect the presence of a voltage potential
15 on the potential supply node on the integrated circuit and to output a power up signal; _

and

(c) isolation control means capable of actuating the isolation means in
), response to said current sensing means detecting the flow of excessive current after

20 said power detection means outputs the power up signal.

27.  The initialization circuit of Claim 26, wherein said current sensing means
comprises a voltage comparator that compares voltages on two nodes to detect

25 excessive loading on one of the nodes.

28.  The initialization circuit of Claim 26, further comprising:

LT - B i é‘a?wcm
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.15 - Thus, ?%%HQQHCh devi ce 440 may have a different device ?cqnmggngndent
upon the crﬂy { stics of the particular gl obal node-4tb—andtoecal—node_

420. 1t should also be noted that the logic |evels associ te with the

di sabl e signal 430 nust be sufficient to aljsow the desire W WT%
gl obal node to pass through the transistor 440 when the- Io l

to be isolated fromthe global node. In the case of an.n c

transi stor, the mninmumhigh |Ievel of the disable signal will typically be

one threshold voltage above the | evel of the global signal to be passed.
FIG 5 shows another ;9ghepupRolatioh disabletftams ivinitiapresents actuaiion of the fisolatiqne
that may be used to acconplish the isolation function of elenments 70

t hrough 100 shown 25 in figmeass by szidisedatidn congrobmerns:i rcuit i s required
for each signal to be isolated froma functional elenent such as el enents
12 through 40 of FIG 3. In FIG 5, the global signal 5 1 0 is decoupl ed
fromthe |local signal 520 by the presence of a |ogic high I evel on the

di sabl e signal node 530 which causes the transistor 540 to becone
nonconducti ve between nodes 510 and 520, Additionally, when the disable
node ‘530 30 " is at a logic high Ievel ‘transi stor 560 will conduct

bet ween the device substrate

¥ TS SHETT Bud B 32(@
REPLAGED
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11 potenti alwbdénsoes the | ocal node 520. By tying the isol at edPCHESS/13dMdes
to the substrate potential, any current paths between the |ocal node and
the substrate, such as may have been caused by a manufacturing defect, wll
not draw current. In the case of a p channel isolation transistor 540, care
must be taken when the gl obal node to bel!?s passed is a logic low 1In
this case the disable signal logic |evel'Ss“should be chosen such that the

| ow | evel of the disable signal is a tfigeshold voltage |evel below the

| evel of the global signal to be pa§seg'gTypi cally a conbination of

I solation circuits such as those sh in FIG. 4 10 and 5 will be used.
For exanple, a p channel isolation Hce may be desirable for passing VCC
while an n channel isolation device nma be preferabfe for passing GND. In

t hese cases, the disable signgl may have ordinany |Ggi ¢, swi ngs of VCC to
G\D. |If the global signal is ellowed;f%‘IJ ry bettwe VeG—and GN\D during
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operation of the part then the use of both n channel and p channel

i solation d j parallel is desirable w th oppositep@EfusdsiizsRs

of the disab e SI naI dr|V|ng the device gates. FIG 6 shows an exanpl e of
a nenory nodul e deS|gned in accordance with the teachings of the present
invention. In this case the nmenory nodule is a 4 20 megaword by 36 bit
single in line nenory nodule (SIMVM 610, E?e SIMMis made up of six DRAMs
620 of the sixteen negabit DRANIgeneratEy' organi zed as 4Meg x 4's, and one
DRAM 630 ofthe sixty-four nmegabit generation organized as 4Meg x 12. The
4Meg x 12 DRAM contains one or two defective 4Meg x 2 arrays of nmenory

el enments that are electrically isolated fromthe remaining circuitry on the
dram 630. 25 In the event that the DRAM 630 has only a single defective
AMeg x 2 array, but a device organization of 4Meg x 12 is desired for use
in a particular nenory nodule, it may be desirable to term nate unused data
i nput/output |ines on the menor —r—actei-t f t ‘
defective array. T
to isolate a seqond 4Meg x 2 array on t he menory

is fully functiqnal in OrQEMOhQCﬂﬁéwﬁge a | @er |
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12 of the dawesémgues/ out put pins on connector 640 are connect eeCTUSINS514.

si xteen negabit DRAMs 620. The remaining twelve data |lines are connected to
DRAM 630. This SI MM nodul e has nunerous advantages over a SI MM nodul e of
conventional design using nine 4M4 DRANEQ&? vant ages i ncl ude reduced power
consunption, 5 I ncreased reliability manuf acturing yield due to
fewer conponents, and increased revenue through the use and sal e of what
may have ot herw se been a nonfunctional sixty-four negabit DRAM The 4Meg X
36 SI MM nodul e described is nmerely a representation of the nunerous

pOSSIb|eé§§ ani zat i ons5@nd types of nenory nodul es that can be desi gned in
accordan -(grTﬂ'TﬂE‘pTE3gﬁr‘THVEHTTUH‘UV‘pET§Uﬁ§‘§KT led in the 10 art.

FIG 7 shows an initialig@ﬁion circuit which when used as part of the
present GND -
70~ 80
CIRCUIT CIRCUIT
A . - B
12 |- 11 20 |
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INTERFACE Bus '
CIRCUITS 90 | ~100
110 - B
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invention allows for automatically isolating defective circuit elenments

t hat, draw e&gg?@h% current when an integrated circuit is pow(gdusgg;mﬁu
automatical ly isolating circuit elenments that draw excessive current,

t he devi ce can be repaired before it is danaged. A power detection circuit
710" is used to generate a power-on S|gnal 720 when gl obal supply signal 730
reaches a desired potential. Conparator O is used to conpare the
potential of global supply 730 with Ioc4/ upply -750. Local supply 750 wil |l
be of approximately the same potentlal as gl obal supply 730 20 when t he
i solation device 760 couples | -3 g—a§ the circuit elenent 770
is not drawi ng excessive curr Nt . If circedt elemgnt 770 does draw

excessive current, the resistf{vity of th sol atign device 760 will cause a
potential drop in the |ocal supply 750, and the @@nparator 740 will out put
a high level on signal 780. Ppwer-on signal 720 & gated with signal 780 in
| ogi c gate 790 so that the coppdrTson 15 only]ergl ed 25 _after power
has been on | ong enough f o2t he |l ocal §upp:b

=Atial to reach a valid
| evel . If signals 800 and 0{ arle bot hsi na@ i Bl gh, then signal 820 from
Ioglc gate 790 wi || pass thyo

ohgh gat es¥830 anj G and cause isol ation
signal .850 to be | ow which

t-he gl obal supply fromthe |ofal

cause the |sol atapn device 760 to decoupl e

~
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supply. Isolation signal 800 can be used to force signal 850 1ow regardl ess
of the 30 - wmousgmsdesof the conparator as |ong as signal 810 i s POTSIS/EISIMal
800..may be gener ated WO 96/ 13003 _ a .
PCT/ US95/ 13514 13 froma test node, or froma programmuabl e source'to
isolate circuit elenent 770 for repair or test purposes. Test signal 810
may be used to force the isolation devig?’ 60 to couple the gl obal supply
to the |ocal supply regardless of the active high disable signal 860..

Signal 810 is useful in testing the device to determ ne the cause of 5
excessive current draw. In an alternate ej multiple isolation

el ements may be used for isolation device ower up of the chip, a
nore resistive isolation device is enable a supply voltage 730 to
the circuit 770. If the voltage drop acro istive device is within
a predeterm ned all owabl e range, then a s r resistance isolation
device is additionally enabled to pass th ol tage
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10 . 730 to circuit 770. This net hdd:'b'r'c').\'/i des a nor ePfins Dv. § :
measur.enemis i d draw of circuiit: 770, |f theP{{/}(}l'tage %rop 1a§r ss‘ 4
the resisti il above an acceptable | evel, then Pﬁ%ﬂﬁr ]

devi ce iS'Vl & I d the resistive device can optio!la Elgsgt%grgg7
If the resistive device does not pass enougjp current to a defective circuit
770, it is not necessary to disable-it, or even to design it such that it

15 can be digabl.ed, .ln.t.his case a sinple resistor is adequate.

Al t hough the pr e Atis Claimed Bon has been described with reference to

particul ar enmbodj nent gy iftédiaied CRES 8VceAdRrRRFZEPbE and will be apparent to

i ndividuals skilled in the art. The invention therefore, is not limted to
the specific features and miltiplgicuit@lementsH0)n. It is i ntended that the

scope of the invention be def], hy t ded cl ai d j
Wi tE\ the doctrine o:‘ equi \Foﬂugh{,‘g_ﬁm&s\;\ﬂgﬁf@?@pﬁgﬁgﬁ@o%ﬁwwﬁ%@ggﬁa“ce

integrated cigeuit deypte GARIGGkERER e ents;

programming means (110) for said coupling deviées to

electrically decouple the global supply node from at least one of said
circuit elements; and
a data map circuit (180) for coupling intégrated circuit device data
- 10 | outputs to the multiple circuit elements coupled to the global supply node
so that a consistent intégrated circuit device pin out is maintained when
the at least one of said circuit elements is decoupled from the global

supply node.

15 2. The integrated circuit of Claim 1, additionally comprising:
a local supply node for each of said circuit elements, said
coupling devices being between the global supply node and said local
~ supply node; and
a local coupling device for coupling said local supply node to a
20 reference potential in response to said programming means decoupling

said local supply node from the global supply node.
3. The integrated circuit of Claim 1, additionally comprising a test means
for individually decoupling said circuit elements from the global supply node

25 during a test node.

4, The integrated circuit of Claim 1, wherein said programming means

comprises a laser fuse.
30 5. The integrated circuit of Claim 1, wherein said circuit elements are arrays
of memory elements. -
[ THIS SHEET +AS BEEN |
5 'RE‘P—L-ACED '
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mul tipl e ghis ShebtHCh@ARBYIRed 10) ; coupling devices (70) PO a992%ng 235 1 4
current to obal 5 supply node to saiCESEAZﬂStq_Q

el enent s; M ns (110) for said coupling devi éc?rMéeR I1997
decoupl e t y node from at |east one of said circuit el enents;

and a data map circuit (180) for coupling istegrated circuit device data 10
outputs to the nultiple circuit elenents coupled to the gl obal supply node

so that a consisgent iThE aHEhRE chbuifof ClalR'| MeRinsaftéoupfingRieahsi ned when
the at |least one of said citcuit elenents iS decoupled fromthe gl obal

suppl y node. 15 cdémprisesalmnsistoe betateenl thei glabal supply ibde andlone ad daid icorowik | v
conprising: a local supply nodg for  each of said ¢gircuit, (gbements, sai d

coupl i ng devi cesclsBeRls SB@%W@EW_ ?%@%Fﬁlbséqmrs‘_éﬁﬁf’?‘e_ entig algwed faRass suppl y
node; and a | ocaj,.GauphieMoiE Yigsly hode £404ald BRuft AethdnP Bfbugh AR ¥ardREG. 1O 2

5
7. The integrated circuit of Claim 1, wherein said programming means

comprises a nonvolatile data storage element.

8. The integrated circuit of Claim 7, wherein said nonvolatile data storage
10 element is an electrically programmable fuse.

9. A semiconductor integrated circuit memory device, comprising:
multiple subarrays of memory elements (10);
isolation devices (70) for electrically isolating at least one of said
) 15 subarrays from a supply potential;
test circuits (116) for temporarily isolating at least one of said
subarrays from the"supply potential during a test procedure;
programming circuitry (112,114) for actuating at least one of said
isolation devices to electrically isolate at least one of said subarrays from
20 the supply potential; and _
a data map circuit (180) for coupling integrated circuit device data
outputs to the multiple subarrays coupled to the supply potential so that a
consistent memory device pin out is maintained when the at least one of
said subarrays is isolated from the supply potential.
25 _ _
10.  The memory device of Claim 9, further comprising circuitry for disabling
an address range of the memory device which corresponds to one of said

subarrays.

R
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reference potentlal in response to said progr n;-' e5 l 4
coupﬂn ac uppl y node fromthe global supply ﬁ

i At egrat CI aim1, additionally conprising a' R ]997
| nd| Vi d g sal d circuit elenments fromthe gl obal suppl y nhode :

urlngatest noe : The integrate@ circuit of daim1l, wherein
sald prgranmm ng nmeans corrprises a laser fuse. 30 5. - The integrated
circuit of Caimf, WrgEaiemordevieé 6f3©la1m‘9| ﬁﬁ%@f éorﬂﬁﬁ’slﬁé%fdﬁtrf)fornemry
el ement s. 6. The integrated circuit of Caim1,” wherein said coupling
means conprises aemap@mmaﬂdrdserangemlnﬁecogtesmndsmm of sainbimbamayssoch dfat sai d
circuit elenents, such th t whe % nsistor is actuated, current is
al l oned to pass Hé‘f’%@%ﬂ‘?ﬂ hio FOBITE P %ab‘i)ﬁf A%e and said circuit el enent
t hrough said transistor.

5 12.  The memory device of Claim 9, further comprising a device for
electrically isolating a control signal from a defective one of said subarrays such

that defects in the defective subarray will not affect the control signal.

13. A method of producing a memory device, comprising:
10 manufacturing a memory die with multiple arrays of memory
elements; '
testing the memory die;
isolating an array of memory elements from a supply potential
node on the memory die; and
15 remapping data outputs to so that a consistent memory device pin
out is maintained when the array of memory elements is isolated from the

-supply potential node.

14.  The method of Claim 13, further comprising:
20 packaging the memory die, wherein said isolating step occurs after said

packaging step.

15. A memory module comprising:
a memory device comprisiné programming means for electrically
25 isolating defective memory elements from functionally circuitry on said memory
device, said programming means comprises means for disabling a data path

corresponding to an array of memory elements on said memory device.

16. The memory module of Claim 15, wherein said programming means
30 comprises means for disabling a range of address locations corresponding to an

array of memory elements on said memory device.

IS SHEET HAS BEEﬂ'
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5 7. Thelnterated CII‘ uit of Clalml V\/nereln sai : ' a
conpri ses Tais a storage el enent. 8. ém ﬁﬁezglr@ 53 q
of- Claim 7 nonvol atl | e data st orage 10 el elPE . AR ]997
el ectrical I fuse. 9. A sem conductor integrate CI rcu

menory devi ce, corrprl sing: multi pI e subarrgys of nenory elements (10);
I sol ation devices (70) for electrically isolating at | east one of said 15

subarrays from a;$uppipy, ?‘gsal d{n%h le o‘?iflmﬁ-ﬂffrsg%\}htteﬁen( H‘%ﬂﬁ%""'ag ézﬁ’{ IdL?II ng a

-

I sol ati ng at Ieast one o QRS &
test procedure; REWicans ©i reREp b pyo %&ﬂ&}reﬁéﬁﬁeﬂ&kﬁéa&ﬂt&dddt@ﬁﬁi one
of said isolati on evices to electrica isolate at | east one of said

subarrays from zsuchthatltlscpm@cggp@pgotb@t Pl ; and a data map circuit
(180) for coupling integrated circuit device data outputs to the nmultiple
subarrays coupled to the supply potential so that a

5 18.  The memory module of Claim 15, further comprising a means to remap a

group of memory elernents to an alternate address range.

19.  The memory module of Claim 15, further comprising a means to mask a
range of address locations corresponding to a group of defective memory

- 10 elements.

20.  The memory modulé of Claim 15, wherein said memory device further
comprising functional memory elements and defective memory elements where
said defective memory elements have been electrically isolated from said

) 15 functional memory elements.

21.  The memory module of Claim 20, wherein the memory device has been
programmed to disable a data path corresponding to said defective memory
elements. '

20 _
22.  The memory module of Claim 20, wherein the memory device has been
programmed to disable an address range corresponding to said defective memory

elements.

25 23. The memory module of Claim 15 wherein the memory module is a
Singlé In Line Memory Module.

24.  An initialization circuit for an integrated circuit device comprising
multiple circuit elements and isolation means between one of the circuit

30 elements and a potential supply node, the initialization circuit comprising:

—-— .

n“\“! “m! |||'!\ “|\s| | \“\ - \ENDED SHEET .TH!S SHEET HAS BE.EN.
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consi stent rrermry dev ce in out is maintai ned when the at |east one of

sai-d suba’ﬂms fromthe supply potential. ?@T usgg‘, §y| 4
devi cé of r conprising circuitry for dis .
range of t e whi ch corresponds to one of 3 E}&&llglr ﬁgﬁ 1997
16 11. The rrermry deV| ce of daim9, furthgg conprising circuitry for

remappi ng an address range whi ch corresponds to one of said subarrays such

that it corresponds to anoﬁ@ﬁ&en?gen% édgg%a&g 312? }"ﬁ '
device of Caim9, further conprisin evice fTor rrca ylsolatlnga
control signal from athetighcheé iselatioe mehnssai d subarrays such that defects in
the defective subarray will not affect the control signal.
a power detection means to detect the presence of a voltage
potential on the potential supply node on the integrated circuit and to
5 output a power up signal; and
isolation control means capable of actuating the isolation means
in response to said current sensing means detecting the flow of excessive

* current after said power detection means outputs the power up signal.

10 25.  The initialization circuit of Claim 24, wherein said current sensing means

* comprises a voltage comparator that compares voltages on two nodes to detect
excessive loading on one of the nodes.
26.  The initialization circuit of Claim 24, further comprising:

< 15 a power up isolation disable means which prevents actuation of the

isolation means by said isolation control means.

THIS SHEET HAS BEEN
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13. A net hod  of produm ng a rrermry devi ce, cdfprising: 1OBEPLACEMENT SHEEY
manufacturl ng a me% rmltl pl e arrays of nenory el enents; testi ng

“the nmenory die; isolallng an array of menory el enents fronj ?
potential node on the mmwmmw by: rerrap% ﬂqgfé‘ 0o —é.
outputs to so that a consistent, nengry, device tl% n out is maintained

the array of menory el ements mltiple girghit " supply potenti al node

rlrgrm-rrcedlngt h\%ﬁe(r)fel S gardlﬁsol%*ﬁg%%yoiurs %@gr %%agh{% ‘F‘e}p
15. A menory nudul e cosqpplysiode to seidreironiteledentsce conpri si ng programi ng
functional 1y ci rourtry on sai BORBHBILGE REHILIO) SHA0 SR TP Hroans
conprises neans for di saplelRicalfy déehiplehi global supply node from at least one of said
circuit elements; and
a data map circuit (180) for coupling integrated circuit device data
10 outputs to the multiple circuit elements coupled to the global supply node
so that a consistent integrated circuit device pin out is maintsined when
the at least one of said circuit elements is decoupled from the global
supply node.

15 2, The integrated circuit of Claim 1, additionally comprising:

a Jocal supply node for each of said circuit elements, said
coupling devices being between the global supply node and said local
supply node; and

a local coupling device for coupling said local supply node to &

20 reference potential in response to said programming means decoupling
said local supply node’from the global supply node.

3. The integrated circuit of Claim 1, additionally comprising & test means
for individually decoupling said circuit elements from the global supply node
25 during a test node.

4, ﬂe integrated circuit of Claim 1, wherein said programming means
comprises a laser fuse.

30 5. The integrated circuit of Claim 1, wherein said circuit elements are arrays
of memory elements. : e

A
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'cerreSpondi ng to an array of-'nenory el enents 18n sai d menory q@g ' ﬂ@' SHEET
menory nodule of Cgm 1%&@&%&%@&% (1 ﬁmﬂﬁﬁ%ﬁ%e -
means for disabling a range of address |ocatibns cofre 0 an array

of nmenory el enents eomprises atmnsistyr kbewéen the global upplf.node ank whe'E 8@d Yirgid ! € Of
Cl aim 15 wherein sai roar 1 N NMegns cQnprises neans to remap a group of
menory el ements conﬁ%@gﬁr}gh&&ﬂ’b‘am%mﬁﬂ@t@@ﬂ topasso

anot her data pin. 5beﬂs%enthé§l&amgﬂ Yiod®ghdl %F‘ga 'E.'!{Iélﬁﬁ!rné%gf .
conprising a nmeans to remap a gro pS'of rre'rn)sffiiic/l elenents to A EPREPE
address range. 1% The menory nodul e of C aim 15, further conprising a

nmeans to nmask a range of addres Qcali .corresponding to a group of
def ective menory 109. ol eﬁ‘ﬁﬁp&ggﬁecimc%o?e&m?,whﬁgmsmdpgmmgmm

comprises a nonvolatile data storage element.

8.  The integrated circuit of Claim 7, wherein said nonvolatile data storage
10 element is an electrically programmable fuse.

9. A semiconductor integrated circuit memory device, comprising:
multiple subarrays of memory elements (10);
isolation devices (70) for electrically isolating at least one of said
15 subarrays from a supply potential; _

test circuits (116) for temporarily isolating at least one of said

subarrays from the supply potential during & test procedure;
 programming circuitry (112,114) for actuating at least one of said

isolation devices to electrically isolate at least one of said subarrays from

20 the supply potential; and
a data map circuit (180) for coupling integrated circuit device data

outputs to the multiple subarrays coupled to the supply potential so thata
consistent memory device pin out is maintained when the at least one of
said subarrays is isolated from the supply potential.
25
10.  The memory device of Claim 9, further comprising circuitry for disabling
an address range of ihe memory device which corresponds to one of said

subarrays,

g
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20. -The nmenory nodul e of C aim 15 \/\herel n1§a| d nmenory BERWEMFW

%HEET

conprising function e ﬁnagi nennr nts where
sai d defective mam)?g el gﬁ‘éﬁ‘ts ave %8@@%&%&?%%@ omsaid 15
functional menory elremspping anaddress riipe witteidorrespotldd 10 ok of daid Sib&Pays Shd tRat"

t he menory devi ce has been g OW’Q& di sabs:‘r: a data path correspondl ng
to said defective nory nodul e of C ai m 20,
wherei n t he menory deV|ce has been progranmed to di sabl e an address range

corresponding to said defective nenory elenments. 25 23.

The nenory

nodul e of C ai m %5 WRer eThe mhwmoryalewicy ofiCliinh @, fusther cGinprsing & deviterfor Menor y
Modul e. 24. An ini ati,on circuit.for.an i ated ci,fcuit device
conpri si ng w|t|p|ei‘ﬁ‘?{8ﬂft"émgﬁlﬁmdeﬁ° Ul t he
circuit 30 el emntsmawﬁtﬁawdnvsmhxyammtﬂ%ﬁm' sigahl, On i rcuit

conpri si ng:

13. A method of producmg a memory device, comprising:

10 manufacturing a memory die with multiple arrays of memory

elements;
testing the memory die;

isolating an array of memory elements from a supply potential

node onthememorydne, and

15 remapping data outputs to so that a consistent memory device pin
out is maintained when the array of memory elements is isolated from the

supply potential node.

14.  The method of Claim 13, further comprising;

20 packaging the memory die, wherein said isolating step occurs after said

packaging step.

15. A memory module comprising:

a memory device comprising programming means for electrically
25 isolating defective memory elements from functionally circuitry on said memory
device, said programming means comprises means for disabling & data path

corresponding to an array of memory ¢lements on said memory device.

16.  The memory module of Claim 15, wherein said programming means
30 comprises means for disabling a range of address locations corresponding to an

array of memory elements on said memory device.

* < L M S *
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18 a current sensing nmeans to det eét 'a fl'dw 3? excessi ve BEBWEMENL%&I;

the isolation neansi7.a PINQhefclyddulbfTAMSS, Mhateinsaild of a
vol tage potential on the potential supply node on the i'ntegra Clrcuit

and to 5 out FRIPTECHPORNS W pemap §:g0up of memioryhelsments canpedted o ardatyin,

capabl e of actuati ng lyee i M'ﬁggg Iy, response to said current
sensi ng neans detectl ng tLZ”D OW Of —excC ss#?é’%gurrent after said power
detection neans ouputs the power up signal. 10 25. The initialization

circuit of Oaim24, wherei-n said current sensing neans conprises a voltage
conparator that €o res%%@@%qmlﬂ@désﬁ!%mammammdi ng

on one of the nodesmggofmmei%%gmgh;gls;it of Claim 24, further

conpri si ng:

19.  The memory module of Claim ls,ﬁzrthetcompri:singammtomaska
range of address locations corresponding to a group of defective memory
10 elements.

20.  The memory module of Claim 15, wherein said memory device further
comprising functional memory elements and defective memory elements where
 said defective memory elements have been electrically isolated from said
15 functional memory elements.

21,  The memory module of Claim 20, wherein the memory device has been
programmed to disable a data path corresponding to said defective memory
elements,

20 |
22. The memory module of Claim 20, wherein the'memory device has been
programmed to disable an address range corresponding to said defective memory
elements.

25 23. The memory module of Claim 15 wherein the memory module is a
Singie In Line Memory Module.

24.  Aninitialization circuit for an integrated circuit device comprising
multiple circuit elements and isolation means between one of the circuit
30 elements and a potential supply node, the initialization circuit comprising:

N

AT




15 = a power up isolation disable rreansl&\,hl ch. preventﬂgPMﬁEwN-,ogH&tn

the isolation means by said isolation.contro] m
a current sensing means to a flow of excessive current

through the isolation means;
| apowérdetecﬁonmeanstodeteotthepresenoeofavoimge
potential on the potential supply node ofi thie integrated circuit and to
5 outputapowerupsngnal,and
isolation control means capable of actuating the isolation means
in response to said current sensing means detecting the flow of excessive
current after said power detection means outputs the power up signal.

10 25. Theinitialization circuit of Claim 24, wherein ssid current sensing means
comprises a voltage comparator that compares voltages on two nodes to detect
excessive Joading on one of the nodes.

26.  The initialization circuit of Claim 24, further comprising:
15 a power up isolation disable means which prevents actuation of the

isolation means by said isolation control means.
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