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Background of the Invention

1. Technical Field

The invention relates denerally to the field of
dynamic random access memory (DRAM) design, and more
particularly to a DRAM architecture that optimizes the
combination of on-chip error correction code {ECC)
circuitry, bit line redundancy, and word line
redundancy, so as to optimize the ability of the DRAM
to correct different types of errors.

2. Background Art

From the very early stages of DRAM development in the
1970's, designers have recognized the need for some
sort of on-chip error recovery cirduitry. That is,
given the large number of processing steps needed to
make a memory chip, and given the large number of
discyete transistor-capacitor memory cells to be
fabricated, from a practical standpoint it is
inevitable that at least some memory cells will not
function properly. :

One of the first on-chip error recovery techniques
utilized in the industry was the general idea of
redundancy. In redundancy, one or more spare lines of




di screte transistor-capacitor nenory cells to be fabricated, froma
practicgl standpoint it is inevitable that at |east some nenory cells wll
not function properly. One of the first on-chip error recovery techniques
utilized in the industry was the general ideg aof redundancy. In redundancy,
one or nore spare lines of -2- cells are added to the chip. These can be
either spare word lines (i.e. lines of cells having their FET gate
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electrodes interconnected) or spare blt lines (i.e.
linesjof cells having their FET drain electrodes
interconnected on a common line coupled to a sense
amplifier that senses the state of the selected memory
cell). Typically, a Standard NOR address decoder is
provided for each redundant line. After the memory
chip is manufactured, it is tested to determine the
addresses of faulty memory cells. These addresses are
programmed into the address decoder for the redundant
lines, by controllably blowing fuses, setting the
state of a RAM or EEPROM, etc. When the address sent
to the memory chip is for the line on which the faulty
cell resides, the address decoder for the redundant
line activates the redundant line instead. 1In this
manner, if discrete cells in the memory chip are
inoperative, redundant cells can be substituted for
them. Among the earliest patents directed to
redundancy are US Patent 3,753,244, entitled "Yield
Enhancement Redundancy Technique," issued 8/14/73 to
Sumilas et al and assigned to IBM (word line
redundancy), and US Patent 3,755,791, entitled "Memory
System With Temporary or Permanent Substitution of
Cells For Defective Cells," issued 8/28/73 to Arzubi
and assigned to IBM (bit line redundancy).

One of the drawbacks associated with redundancy is
thatzit can only rectify a relatively small aﬁcunt of
faulty random cells. That is, as the number of faulty
cells increases, the number of redundant lines needed
to correct these cells increases, to the point where
you have a large amount of spare memory capacity that
ordinarily is not used (and may itself incorporate
faulty cells, such that you needieven more redundant



cell). Typically, a standard NOR address decoder is provided for each
redundgnt | gne. After the nenory chip is manufactured, it is tested to
determ ne the addresses of faulty nenory cells. These addresses are
programmed into the address decoder for the gedundant |ines, by
controllably blow ng fuses, setting the staté of a RAM or EEPROM etc. Wen
the address sent to the nennry chipis for the Iine on which the faulty
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3,755,791, entitl|esliMdamEy can no longer be used for correction.

This problem is addressed by the use of partially-gocd
chips. Two or more chips having large amounts of
faulty cells are mounted and stacked together in a
multi-chip package. In one technique, the chips are
selected such that they complement one another in
terms of which arrays are good and which arrays are
faulty. For example, if a given array on a first
memory chip is bad, a second chip is selected wherein
that same array is good. Thus, the two partially-good
chips operate as one all-good chip. See US Patent
3,714,637, entitled "Monolithic Memory Utilizing
Defective Storage Cells'; US Patent 3,735,368,
entitled "Full Capacity Monolithic Memory Utilizing
Defective Storage Cells"; and US Patent 3,781,826,
"Monolithic memory utilizing Defective Storage Cells",
all issued to W. Beausoleil and assigned to IBM.

Over time, some workers in the art have come to under-
stand that the error recovery techniques discussed may
not efficiently rectify all of the possible errors
that may occur during DRAM operation. Specifically, a
memo€y cell that initially operates properly may
operate improperly once it is in use in the field.
This may be either a so-called "soft error" (e.g; a
loss of stored charge due to an alpha particle
radiated by the materials within which the memory chip
is packaged) or a "hard error" (a cycle-induced
failure in the metallization or other material in the
chip that occurs after prolonged use in the field).



System Wth Tenporary or Permanent Substitution of Cells For Defective
Cells," fssudad 8/ 28/ 73 to Arzubi and assigned to IBM (bit |ine redundancy).
One of the drawbacks associated with redundancy is that it can only rectify
a relatively small amount of faulty randomcells. That is, as the nunber of
faulty cells increases, the nunber of redunddnt” | i nes needed to correct
these cells increases, to the point wher e you have a | arge anount of spare
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relatively small @@BURAHancy or by the use of partially-good chips. In
general, this problem has been addressed by the use of
error ‘correction codes (ECC) such as Hamming codes or
horizontal-vertical {HV) parity. These techniques are
typically used in larger computer systems wherein data
is read out in the form of multi-bit words.

The Hamming ECC double error detect, single error
correct (DED/SEC) system of the prior art will now be
briefly described. The data is stored as an ECC word
having both data bits and check bits. The check bits
indicate the correct logic states of the associated
data bits. The ECC logic tests the data bits using the
check bits, to generate syndrome bits indicating which
bits in the ECC word are fault&. Using the syndrome
bits, the ECC logic then corrects the faulty bit, and
the ECC word as corrected is sent on to the processor
for further handling.

As previously stated, in the prior art ECC circuitry
was typically used in large systems and embodied in
separate functional cards, etc. While this type of
system-level ECC is now being used in smaller systems,
it still adds a degree of both logic complexity and
expense (due to added circuit cost and decreased data
écce%s speed) that makes it infeasible for less
complicated systems. In these applications, memory
performance/reliability suffers because there is no
system-level ECC to correct for errors that occur
after initial test.

The solution to this problem is to incorporate ECC
circuitry on the memory chip itself. This reduces the



of redundant |ines are provided on-chip, such that if an entire subarray or
array ofy cellis is faulty, redundancy can no | onger be used for correction.
This problemis addressed by the use of partially-good chips. Two or nore
chips having | arge amounts of faulty cells aﬁg nmount ed and stacked together
in a multi-chip package. In one technique, e chips are selected such that
t hey conpl enent one another in terns of which arrays are good and which
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to Miller, relates to the general idea of

incorporating Hamming code ECC on a memory chip. The
stored data is read out in ECC words consisting of 12
bits (8 data bits, 4 check bits) that are processed by
the ECC circuitry. The corrected 8 data bits are sent
to an 8-bit register. The register receives address
signals that select one of the 8 bits for output
through a single bit I/0. US Patent 4,817,052,
entitled "Semiconductor memory With An Improved Dummy
Cell Arrangement And With A Built-In Error Correcting
Code Circuit," issued 3/28/89 to Shinoda et al and
assigned to Hitachi, discloses a particular dummy cell
configuration as well as the géneral idea of
interdigitating the word lines so that adjacent
failing cells on a word line will appear as single-bit
fails (and thus be correctable) by the ECC system,
because they will appear in different ECC words.

Yet other workers have recognized that the optimum
solution to error correction is to incorporate both
ECC circuitry and redundancy on the same memory chip.
Examples of such arrangements include US Patent
4,688,219, entitled "Semiconductor Memory Device
Having Redundant Memory and Parity Capabilities,"
issuéd 8/18/87 to Takemae and assigned to Fujitsu (bit
line redundancy incorporated with HV parity by use of
a switching circuit that generates the parity bits for
the redundant column line separately from the
generation of the parity bits for the remaining
cells); US Patent 4,768,193, issued 8/30/88 to Takemae
and assigned to Fujitsu (an array contiguous to the



"Monolithic nmenory utilizing Defective Storage Cells", all issued to W
Beausol €il and assigned to IBM Over tine, sone workers in the art have
conme to under- stand that the error recovery techni ques di scussed may not
efficiently rectify all of the possible errors that may occur during DRAM
operation. Specifically, a nenory cell that initially operates properly may
operate inproperly once it is in use in the field. This may be either a
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field). line %rom the horizontal and/or vertical patity '
generators, respectively); and an article by Furutani
et al, "A Built-In Hamming Code ECC Circuit for
DRAM's," IEEE Journal of Solid-State Circuits, Vol.
24, No. 1, Feb. 1989, pp. 50-56 {new ECC circuitry for
an on-chip Hamming code system, with redundancy - the

article does not discuss redundancy in any detail).

In all of the above references, bit line and word line
redundancy techniques are used that are not optimized
for on-chip ECC. In the '219 Takemae patent,
conventional bit line redundancy is used, with
separate parity generation for the redundant line. In
the '193 Takemae patent, a single array provides both
bit line and word line redundancy. Since Furutani does
not describe a redundancy system, it appears that he
simply assumes that conventiénal redundancy can be
used. This assumption is not incorrect; as shown by
the Takemae patents, conventional redundancy
techniques can be used. However, we have found that as
a practical matter conventional redundancy will
decrease the overall effectiveness of the total error
correction system. For example, by having one array
provide both bit and word redundancy, the error
corrﬁction system itself becomes more susceptible to
errors, because the redundant cells are physically all
in one place. Moreover, the use of ideas such as fuses
to physically disconnect the faulty main memory
rows/columns from the ECC circuitry, and/or incor-
porating an entirely separate set of ECC circuitry for
the redundant elements, adds extra logic to the design



-4- Because both of these types of errors occur after initial testing, they
cannot pe coyrected by redundancy or by the use of partially-good chips. In
general, this problem has been addressed by the use of error correction
codes (ECC) such as Hammi ng codes or horizontal -vertical (HV) parity. These
techni ques are typically used in |arger conpdter systems wherein data is
read out in the formof nulti-bit words. The Hamm ng ECC doubl e error
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use of ECC as a tool to aid in process learning during
the early stages of design and development of a
memory chip. Due to the complexity and uniqueness of
the myriad of process steps that make up a given
manufacturing process for a memory chip, when the
chips are first being made (i.e., early in the
production cycle) many different failure mechanisms
are encountered. At this early stage, it is critical
to produce some sort of working hardware that can be
tested, so as to gain a greater understanding of these
failure mechanisms. ECC can be used as a tool to gain
a greater appreciation of these mechanisms, because it
can be used to rectify a large quantity of errors,
both hard and soft. However, later in the production
cycle of the chip, sufficient process learning may
occur such that the number of errors is greatly
reduced. In this situation, it may be advisable to
completely do away with the ECC system, so as to
reduce the chip size and increase access speeds. In
the prior art, no provision is made for designing the
overall.chip architecture such that the ECC system can-
be deleted from product chips without a major redesign
of the support circuitry.

1
Accordingly, a need exists in the art for a memory

chip architecture that incorporates redundancy (as
well as other features) optimized for on-chip ECC.
Moreover, there is a need in the art for a memory
architecture that supports early process learning,
without increasing expense while decreasing
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Summary of the Invention

It is thus an object of the invention to provide
redundancy systems that have: a reduced sensitivity to
defects, etc. occurring in the memory arrays.

It is another object to efficiently combine both bit
line redundancy and word line redundancy that have
been optimized to support on-chip ECC.

It is yet another object of the invention to provide a
data line configuration for efficiently switching
redundant bit lines for the bit lines of the memory

array.

It is yet another object of the invention to configure
the on-chip ECC system so as to minimize access
delays.

It is yet another object of the invention to provide a
pipelined layout that simplifies the integration of
on-chip ECC at minimum access penalty.

It isiyet another object for the invention to provide
a buffer means for receiving an entire error
correction word from on-chip ECC, and for providing
data bits therefrom in an efficient manner.

It is yet another object of the invention to
efficiently set the operational mode by which data
will be obtained.
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stages of manufacture.
;

The above and other objects of the invention are
realized by a dynamic random access memory, comprising
at least one array of memory cells comprising a
plurality of word lines, a plurality of bit lines, and
a plurality of redundant bit lines, switching means
for substituting any one of said plurality of
redundant bit lines for any one of said plurality of
bit lines in said array, a separate array of redundant
word lines, address means for accessing an error
correction word comprising data bits and check bits
from said array of memory cells or said array of
redundant word lines, error correction circuitry
coupled to said plurality of word lines, said
plurality of bit lines, said plurality of fedundant
bit lines, and said separate array of redundant word
lines, for reading said accessed error correction word
therefrom and correcting any faulty data bits therein,
and output means for providing said data bits as
corrected by said error correction circuitry for
external read-out.

Another aspect of the invention comprises a
manu?acturing process for forming wafers having a
plurality of memory chips thereon, each of the memory
chips comprising both a number X of memory cells and a
number Y of redundant cells that can be substituted
for selected ones of said memory cells that are
faulty, and support circuitry for writing data into
and reading data out of the array of memory cells, the
process having a production cycle associated therewith
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correction code circuit block to the support circuitry
of each memory chip, and disposing said circuit block
within an area that extends from one side of the
memory chip to the other, said area not having any
other support circuitry associated therewith, and
later in said production cycle, when said number N of
faulty memory cells produced by said process is
approximately the same as or less than the number Y of
redundant cells, deleting said error correction code
circuit block from memory chips manufactured by the
process at that time.

Yet another aspect of the invention comprises a memory
chip, comprising an array of memory cells
interconnected by a plurality of word lines and a
plurality of bit lines, a plurality of redundant bit
lines, means for simultaneously addressing a first
predetermined number of said plurality of bit lines so
as to access a multi-bit word, while also
simultaneously addressing a second predetermined
number of said plurality of redundant bit lines, a
first plurality of data lines coupled to at least said
first predetermined number of said plurality of bit
lines and to said second predetermined number of said
plurélity of redundant bit lines, a second plurality
of data lines, wherein there are more of said second
plurality of data lines than there are of said first
plurality of data lines, and switching means for
substituting one or more of said second predetermined
number of said plurality of redundant for any one or
more of said first predetermined number of said
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Yet another aspect of the invention comprises a memory
array formed on a substrate having a plurality of
memory cells interconnected by a plurality of word
lines disposed in a first direction, and a plurality
of bit lines disposed over said plurality of word
lines in a second direction substantially orthogonal
to said first direction, a plurality of data lines
disposed in a zig-zag pattern over said plurality of
bit lines in said second direction, so as to minimize
capacitive coupling between said data lines and said
bit lines.

Yet another aspect of the invention comprises a memory
chip, comprising a first array of memory cells
disposed on a first portion of said chip, said memory
cells being interconnected by a plurality of bit lines
and a plurality of word lines, said array including a
plurality of sense amplifiers coupled to said
‘plurality of bit lines to sense a differential signal
of a first magnitude therefrom to read respective ones
of said memory cells, a second array of redundant
cells disposed on a second portion of said chip spaced
from said first portion thereof, said redundant cells
beiﬁ? interconnected by a plurality of bit lines and a
plurality of word lines, said second array including a
plurality of sense amplifiers coupled to said
plurality of bit lines to sense a differential signal
of a second magnitude greater than said first
magnitude therefrom to read respective ones of said
redundant cells.



In all of the above references, bit line and word |ine redundancy
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receiving first address signals that normally indicate

the address of a given memory cell to be accessed, a
method of setting the operational mode for a given
memory access cycle, comprising receiving at least one
of said plurality of external control signals during a
given memory access cycle, and determining therefrom a
time period during said given memory access cycle when
saild second plurality of address inputs will not
recelve said first address signals, accessing said
second plurality of address inputs during said time
period to receive second address signals that indicate
that the memory is to be operated in one of said
plurality of operational modes during said given
memory access cycle, and decoding said second address
signals .to set the memory to said one of said
plurality of operational modes for said given memory
cycle, and maintaining said memory in said one of said
plurality of operational modes until such time as a
new operational mode is set.

Brief Description of the Figures

The %oregoing and other structures and teachings of
the invention will become more apparent upon
describing the best mode for carrying out the
invention, as rendered below. In the description to
follow, reference will be made to the accompanying
figures, in which:



errors, because the redundant cells are physically all in one place-

Mor eover, the use of ideas such as fuses to physically disconnect the
faulty main nmenory rows/colums fromthe ECC circuitry, and/or incor-
porating an entirely separate set of ECC cLregygitry for the redundant

el ements, adds extra logic to the design -7- that takes up nore room on
the chip while adding yet another failure nechanism Al so, none of these.
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that make up a given of the invention;

Fig. ; is an enlarged view of one of the gquadrants
of the memory chip of Fig. 1;

Fig. 3 is a block diagram of the memory
architecture of the invention;

Fig. 4 is a circuit schematic of a bit line pair in
the memory array of the invention;

Fig. 5 is a block diagram of the ECC system of the
invention, showing a writeback operation;

Fig. 6 is a block diagram of the ECC system of the
invention, showing a fetch operation;

Fig. 7 is a circuit diagram of a four-input DCVS
XOR utilized in the ECC system of Figs. 5
and 6;

Fig. 8 is a block diagram of the bit redundancy
system of the invention;

Fig. 9 is a block diagram of the switch network for
interconnecting the PDLs and the redundant
PDLs to the MDLs on an any-for-any basis;

Fig. 10 is a circuit diagram of the switch circuit
utilized in Fig. 9;



manuf acturi ng process for a nmenory chip, when the chips are first being
made (i:e., early in the production cycle) many different failure
mechani snms are encountered. At this early stage, it is critical to produce
some sort. of working hardware that can be testyed, so as to gain a greater
under st andi ng of these failure nmechanisns. ECC can be used as a tool to
gain a greater appreciation of these nechani sns, because it can be used to

rectify a large qpagtify of j@r HOLS rGih didlgd a1 &S Qf bitHaweehaildldy i n-
t he production cycle of the hla, sufficient. process |earning nay occur
such that the nunber of err&%@ WOIGr ddfey TLEYRCERCY| RITRYs of &t i on, it
may be advi sable to conpl et ényeth®@idngy Wi th the ECC system so as to reduce
the chip size and increase access speeds. In the prior art, no provision is
made for designing thegoverall chip architecture such that the ECC system
can Fig. 12 is a block diagram of the word line

redundancy array of the invention;

Fig. 13 is a graph of the yield versus the average
number of single cell fails for different
error memory recovery techniques, including
that of the present in#ention;

Fig. 14 is a circuit diagram of one of the SRAM
cells of the invention along with read/write
support circuitry;

Fig. 15 | is a top view of a portion of the memory
arrays of Fig. 1, showing the layout of the
pre-data lines of the invention; and .

Fig. 16 is an enlarged view of a portion of the

memory array of Fig. 15.

Description of the Best Mode for Carrying Out the Invention

As shown in Fig. 1, a memory chip 100 of the invention
comprises four quadrants QUADO-QUAD3. As described in
more!detail below, each quadrant has approximately
four million storage cells (4Mb). Thus, the chip has
approximately 16 million bits (16Mb) of cells. The
memory cells are of the conventional "one device" DRAM
type (i.e. an FET having its gate coupled to a word
line, its drain coupled to a bit line, and its source
coupled to the storage capacitor, wherein a sense



be del eted from product chips wi thout a major redesign of the support
circuitry. Accordingly, a need exists in the art for a nenory chip
architecture that incorporates redundancy (as well as other features)
optim zed for on-chip ECC. Moreover, there_igza_need in the art for a
menory architecture that supports early process |earning, wthout

I ncreasi ng expense whil e decreasing SUMMVARY OF THE | NVENTI ON Accor di ng

to one aspect of IiEh'. avent | re.i [ o} L.skng, a
first array of nenor yi%%nsé%%%% tgofi?rrugt]&{: u?g ???/ 0 %/\%?deﬁlgﬁ{e’és),ikggﬁ rst
plurality of bit fiestherrRAG bax ‘Eﬂ’LﬁaﬂPg?r%mC?eml\%ﬂ? prem| fgnes; a

first plurality ofefldtehdd Nasi1 St &t SEMIBANEhE 05t 6L6E ia@iéeéeské?l,onez
ecie

ones of Said-pl Ul I9SRAEDIY GoTSHORS o o T r SPatirhby 1 $5Lathir Lrshe
June 1968 to Dennard and assigned to IBM. Although the
cells can be construea using any one of a number of
known techniques, it is preferred that substrate-plate
cells be used (wherein the storage plate of the
storage capacitor is formed by doped poly disposed in
a trench that extends through epitaxial layers to the
underlaying substrate that forms the charge plate -
see U.S. Patent 4,801,988, issued 1/89 to Kenney ‘and
assigned to IBM, the teachings of which are
incorporated herein by reference). It should be
appreciated that while this chip architecture will be
described with reference to 16Mb, it can be applied to
a memory chip of any density.'

Each quadrant has unique support circuitry disposed
between the arrays and I/0 pads 50. This circuitry
includes a bit redundancy data steering 10, a word
redundancy array 20, error correction circuitry (ECC)
30, and an SRAM 40. In general, as will be described
in more detail below, these functional blocks are
disposed in a "pipélined" mode; that is, their
placement mimics the general order in which they carry
"out their respective logic functions. The ECC 30
receiyes inputs from either the memory cells of QUAD 3
or the word redundancy array 20, and provides
corrected bits to the SRAM 40, which in turn provides
selected bits to the I/0 pads 50. By disposing the
logic in a pipelined mode, both the layout of the
functional blocks is simplified and the performance
delays associated with long wires running from one
logic'block to the next are minimized. This is



plurality of data |lines; a separate array of redundant nenory cells
conprisiing a:second plurality of word lines and a second plurality of bit

| i nes; address neans coupled to said first plurality of word |ines of said
first array of nmenory cells and to said seconggplurality of word |ines of
said separate array of redundant nenory cells for accessing an X-bit error
correction word conprising data bits and check bits fromone of said first

array of menory celdredind 5ai Gnsenadrad Q@riﬁoﬁofﬁﬂlﬁ@%ﬁ cETIEﬂPrECG¢| if;
error correction ci U|tr coupled t sal rst dat a I nes
and to said pIuraI|4% PLPHEAS Jhs :Q§¥d?s§%ﬁﬁ%53
menory cells, forwmﬁhﬁth}sunxrauxmﬁﬁed X-b|t enwn correctlon word from
one of said first plurality of data lines and said separate array of
redundant nenory cells?and correcting any faulty data bits therein;, and
out put means couplT&Re tHEmATHL T RAT ek i D QU eRi €9 9 § 2dGFess ddegodai d

data bits as said é%@e%iﬂﬂf&s,b'élﬁ]{ qurfé?fa[t%ﬁé oneMOrf #se CobELELED DY
said error correction circuitry f ernal read- out. According o

anot her aspect of &3 Qﬂkﬂﬁl%ﬂﬁtnﬂﬁ%¥9% af ke | ey e FerreRcefirEn®or at
least part of an igHiggrad @bt:cmu% telelt e RSHd St Hnd@ &l i ayi D tgenory

col Ls, i sposed on A7 OIS 4 Sl Sl SLEX S0, CLIHL €D B coey

plurality of menorsucteltilst esaicjnan]fs saned ﬁrazmmpttmdlltd: ytloé respective
peripheral circuits and arrays across only one half
the chip length to obtain a minimum RC wiring delay.
Also, all external I/0 signals are separately buffered
for each quadrant (i.e., each quadrant has its own
buffers) to both reduce capacitance loading and
isolate chip areas to enhance piece part reliability.
Thus, each quadrant QUADO-QUAD3 runs as a totally
separate 4Mb chip.

Fig. 2 is an expanded view of QUAD 3 of Fig. 1. Each
quadrant is broken down into four one megabit blocks
Bl-B4, each of which consists of two segments of 512Kb
of memory cells. Thus each quadrant has eight segments
S1-S8. Each quadrant comprises 4096 word lines {(the
layout of the word lines being indicated by the arrows
WL). Each segment S1-S8 has 1112 bit line pairs, the
layout within a respective segment being indicated by
the arrows BL. Each block Bl-B4 has its own set of
sense amplifiers SAl-SA4, which are physically located
between the respective segments of each block. The
address decoders for the word lines are made up of the
parts: word system pre-decoders 62A, 62B running
across the chip that select a group of word lines, and
4096 word decoders 64A, 64B running up and down the
chip that select two of the 4096 word lines in the



9 menory cells being coupled to one of said plurality of word lines and to

one of said plurality of bit lines, a plurality of redundant bit lines, and
a second plurality of mermory cells, each of said second plurality of nenory
cells being coupled to one of said pluralit f_word lines and one of said

plurality of redundant bit lines; a first plurality of data |ines;

swi tching neans for coupling selected ones of said plurality of redundant

bit lines and sai lLurali It oald t g saiyl, flsnst j t dat a
lines; an i ndep_ergglea%r%v\ngr’dtp%él %féw?}endulrxl{dgﬁ' ] glr’r ?y&diﬁslr}_:;sde %Hné’ﬂaé sﬁebc%;ld
portion of the i mtregddtsadseid dui tthehiqendipaceaf fHemBHiRK fANSICPYrAIBNn, sai d

| ndependent  wor d {Lj g J2AURIAN G RITRA Y IdiE G dit i dedfeanor d | nes and
a plurality of bit lines; an _error detection and Q%Hrectigﬁlneans coupl ed
t

to said first pl sesneatige dkocks il ahiRIP s PP i P FEH 1 FFhes of

sai d i ndependent aar Gf ivHedee AEtNs arayoll dthe esttimipmh daormedd i ng an
error correction word conprising a plurality of data bits and a plurality
of check bits: afdP€ buffer coupled to said error detection and correction
means for tenporarily storing said error

Fig. 3 is a logic diagram showing the overall
operation and interdependences of the functional
blocks of Figs. 1 and 2. The external row enable phase
(RE) goes low to initiate the operation of the chip by
starting internal clock generators RE PHASES 70
associated Qith word line decoding. One of these
signals enables 1/4 block select 72, which receives
the least significant addresses A9 and Al0 from the
address buffers and true/complement generatqrs (not
shown) on-chip. The block select selects a group of
1024 out of the 4096 word lines in each quadrant. The
block select provides an enable signal E that only
enables the predecoders 74 and one of the decoders in
each 76A-76D associated with each 512 word lines in
the selected block. Both the predecoders and decoders
decode address signals A0-A8, to select a word line in
each of two 512 word line segments.

Fig. 4 shows a detailed circuit diagram of the sense
system of the invention. The voltage on selected word
line WL falls, turning on the PMOS FET P09. As a
resulé, the charge stored by capacitor CSl is
transferred to bit line BT. The bit lines are of the
folded bit line type described in U.S. Patent
RE32,708, reissued 7/88 to Itoh and assigned to
Hitachi. This means that the sense amplifier is
coupled to two adjacent bit lines BT and BC; in our
example, the reference word line RL2 will fall, to



correction word. According to yet another aspect of the invention there is
di scl osed in.a manufacturing process for formng wafers having a plurality
of menory chips thereon, each of the nmenory chips conprising both a nunber
X of nmenory cells and a nunber Y of redundantgcells, wherein wafers
successively formed by the manufacturing process have an average nunber N
of faulty nmenory cells, and support circuitry for witing data into and

eadi ng data out grovigemaMefeglne tiaier @eRR!l 1GMRPECI RE dete WideDS
rf df oo L, Pkoul t o d bbﬂ t t
0 orm ng an er or recti ode ci,rcui rcuitr
of each nenory chi g’ir g‘&lsd(%ﬁ\}gF e SH9REer S%trglfcléirgm tt@‘%i#ﬁ‘g%%’t%% —Fq Y
waf er s successivehylﬂofaﬂd bﬁetaudgnahefaeﬂamnhg?ﬂNbam@sthegy%%ﬁtﬁhfhﬁh
sai d number ¥ of d‘dﬂ%a% n&8! L %ﬁe‘é“% 5%‘% A9’ “i‘i?:b%rn'}!ve@ gaul ty
Wi By Ao der)

menory cells in ersysuccessiv Said ring process is
equal to or |ess ihaest BE aodnBC Yoobppgauﬁaaﬁbhgﬂﬂl9w)f@MmﬁQ§¢Iﬂ§'ﬁafers

without formng sgidc@sear ‘,E%h%%h%'%g%o‘é%o%'e'&ic‘iht £le0 e Tief Helde A |
circuitry of each nenor%
cell he p-latch 71P will keep the bit lines latched

at their high-low voltages.

Referring back to Fig. 3, note that this operation is
occurring in all 1112 bit line pairs (including
redundant bit lines, as discussed below)-within the
quadrant. The next major step is to perform a bit line
decode operation. The decode includes two major
components. When external clock column enable CE
falls, the bit decode operation begins. Of the eleven
address bits provided at that time, the most
significant bits A7-Al0 are decoded by a column
decoder 82. Column decoder 82 provides a 1/16 decode,
to select 139 out of the 1112 bit line pairs in each
quadrant. Thus, referring back to Fig. 4, 139 pairs of
bit lines BT, BC will be coupled to data lines by
virtue of the BSG signal rising, which turns on pass
transistors N15, N16 that couple the bit lines to the
data lines (not shown in Fig. 4). After redundancy
substitution and error correction, 128 bits as
corrected by the ECC 20 are stored by the-§RAMs 404,
40B. Remaining address bits Al-A6 are decoded by
coluﬁn pre~-decoder 84 to select two out of the 128
bits (one from each SRAM 40A, 40B}. Finally, address
bit A0 is decoded by the DATA I/0 AND MUX block 40C,
to provide one of the two bits to the output I/Ol.
Alternatively, this final decode could not be carried
out, and both bits could be supplied via a second
output pin I/0 2. Alternatively, as described in



10 According to yet another aspect of the invention there is disclosed a
menory chip, conprising: an array of nenory cells interconnected by a
plurality of word lines, a first plurality of bit lines, and a plurality of
redundant bit |ines, nmeans coupled to said plurality of word lines, said
plurality of bit lines, and said plurality -ofl%edundant bit lines for

si mul taneousl y addressing a first predeterm ned nunber X of said first
plurality of bit lines _so as to access an X-bit error correction word,

while al so sinmul t &%&éds! padbresRatgnt dodhi §hoddissiahd Mt N of
said plurality of yieh&en bidr.| idkesl ardd rﬁsx’%ﬁe@ftﬁ*ﬁhbﬂatﬁzé' nes

coupled to at Ieas%ﬁg&id flﬂ%&g@} qgtern1ned nu of said first
plurality of bit IS TP ¢ S EIRVATRTNLIRADSY N of sai d

pl ur a|h| ty of redrm&iden mmfhl m_ti;mwﬂ@éﬁ? afent datt af |m1d@rpimi rst
swi t chi ng neans ectlve cQ 1N I rst. set_.of X I nes
to said second se([}r/cﬂsix %r?a?%lsqrb'né’r%d% td?%a‘f"?’h (ﬁt' c?T%one or
nore of said secorsdgmaddét dr:mdmxhtmng)erhnl‘fk autgaitd mudealand 8 redundant

bit lines are sent t&iﬁ%tq.nio q;ltpf fTX,&?é 6}:&6 gcp ﬁg Z&Rﬁ% naI S

originating fron1any one or sal ¢ FiFst pre ermne
said first plural ifilysdf fisin ﬂhaﬁﬂﬂuaﬂﬁaﬂﬁk-faulty According to yet another
aspect of the invention there is disclosed the nenory chip

In the foregoing description, the chip was addressed
using 11 row address bits and 11 column address bits
(11/11). As described in co-pending U.S. Patent
Application BU9-90-001, entitled, "Low Power
Addressing Systems," filed 2/12/90, by J. Barth et al
and assigned to IBM, the chip can also be addressed
using 12/10 addressing.

Since many of the features of the memory chip
architecture of the invention are a function of the
on-chip ECC, a description of the system will now be
made with reference to Figs. 5-7.

All of the read or write cycles of the invention begin
with a "fetch" operation (wherein data is transferred
from the DRAM through the ECC to the SRAM) and end
with a "writeback" operation {wherein data is
transferred from the SRAM through ECC to the DRAM}.

4
The ECC block 30 utilizes an odd-weight Hamming code,
which provides a double error detect, single error
correct {(DED/SEC) capability. While other codes
(e.g., horizontal-vertical parity) could be used,
odd-weight Hamming code is preferred because it
provides the best error coverage at the lowest cost
(for a more detailed comparison between odd-weight ECC



as recited in claim27, further conprising: a plurality of redundant word

l i nes having.a second plurality of bit |ines associated therewith, second
swi tching neans having a set of inputs coupled to both of said second set
of X+ Ndata lines and to said second plurality of bit lines and a set of
outputs for transmtting an accessed X-bit-.eggor correction word from one
of said second set of X+N data |ines and said second plurality of bit |ines
to said set of outputs, and a third plurality of data |ines coupled to said
set of outputs ofcchid a&&tméﬁvicwdé@g mneheﬁﬁﬁ@i@liﬁgbyonyeaam@wer

f th h
First array of mitoryt calt ot frd poeff FPEEYE1 SO0 e Pl EEEPE FoRrol
chip, said menoryCaing far rigau]:m: efcherant cdyiambc pRAMS) Tt yPobceedihgaes
and a plural ity ofs wad dinem el AEaynd LEbHEH NGroBL G bhypalaBEnse

anplifiers coupl

signal of a firstTokgrantdeonpitiig orRittskadPiai dukendbry t287s, pR-second
array of redundargvézﬁiéss di sposggk %@eé@f&&'d &%ét&m&fdsafdlﬁﬁnﬁwschl p

spaced fromsaid first ortlon t hereof, said redundant cel bel ng
is use requiring nine check bits, for a total érror

correction word (ECW) of 137 -bits.

As shown in Fig. 5, the ECC block 30 is made up of
nine syndrome generators 30S1-30S38. As shown within
syndrome generator 30S1l, each generator is made up of
three stage exclusive-OR {XOR) logic trees. The first
stage 1S of the logic tree is made up of a first set
of four-input XOR gates; the second stage 2S is made
up of approximately four four-input XOR gates; and the
final stage 3S is a single four-input XOR gate. Note
that the syndrome generators 30S1-30S9 have different
numbers of inputs {specifically 51, 59, 598, 59, 55,
59, 60, 47, and 56 respectively)} to optimize the
interconnect wiring layout. The three stages of XOR
generate the parity of a subset of the one hundred and
twenty eight data bits. This generated parity bit is
then compared to the stored check bit for that subset.
The output bit from the third stage of generator 30S1
is a syndrome bit, which is coupled to a respective
line of a 9-bit syndrome bus 32. The inputs to the
firstistage S1 of each syndrome generator 30S1-30SS
are subsets of the 128 data bits. Each syndrome
generator receives a unique set of data bits, in
accordance with the error correction code
requirements. In other words, these XOR inputs are
wired to calculate the parity of selected subsets of
the 128 bit data word according to a parity check
matrix defining the error correction code used.



i nterconnected by a plurality of bit lines and a plurality of word lines,
said second array including a plurality of sense anplifiers coupled to said
plurality of bit lines to sense a differential signal of a second nagnitude
greater than said first magnitude therefromto read said redundant cells,
and first nmeans fornmed on said nenory chip _coupled to said first array for
reading a multi-bit error correction word from at | east one of said
plurality of word Iines of said first array, said first neans being coupl ed

to said second argay far.regd Rg g fftﬂ@% fﬂg&ﬂt&g)%ﬁ?ﬁl(H]&ggéidéfanéﬂ
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are held at logical 0. Once the check bits have been
generated, they are coupled from the syndrome bus 32
to the data lines of the DRAM via switch SW and
inverters-34, and both the 128 data bits and 9 check
bits are written back to the DRAM arrays through the

data lines DL.

In a fetch operation, the ECW, consisting of 128 data
bits with their 9 check bits, is read from the DRAM
array as discussed above. This data is sent down 137
data lines DL coupled between the bit lines and the
ECC system. Nine check bits are generated from the
same subsets of the 128-bit data word as described
above. Then, the newly-generated check bits are
compared to the check bits previously stored for the
128 data bits when they were originally written into
the chip. This is done by carrying out an XOR opera-
tion on a bit-by-bit basis at the respective outputs
of the syndrome generators (not shown). This results
in the generation of nine syndrome bits that indicate
an error syndrome address. This syndrome data is
drivén onto the 9-bit syndrome 'bus 32, where its
binary value is decoded by 128 NOR devices 36 (one for
each data bit) to indicate the position of a bad bit
(i.e., which data bit is bad). In the case of no
errors within a 137-bit ECW, the newly-generated check
bits are the same as the check bits stored when the
data bits were originally written, and the resulting
syndrome address is 0. In the event of an error, the



I n which: - 13 - Fig. 1 Is a top view of a nmenory chip | ayout

I ncorparating the nenory chip architecture of the invention; Fig. S
an enl arged view of one of the quadrants of the nmenmory chip of Fig. 1; Fig.
3 is a block diagramof the nmenory architecture of the invention; Fig. 4
Is a circuit schematic of a bit line pair iE the mermory array of the

I nvention; Fig. 5 is a block diagram of fe”ECC system of the invention,
showi ng a writeback operation; Fig. 6 is a block diagramof the ECC
system of the syndrome bus 32 provides a 9-bit address signal
(1/128) that indicates the location of the bad bit,
and the NOR decoder 36 at that position generates an
error flag bit EB. The outputs of the 128 NOR
decoders 36 are XOR'ed with the 128 réspective data
bits at XOR gates 38 and a data bit is inverted if its
associated error bit EB is active. The output of each
of the 128 2-input XOR gates 38 drives the 128 bit

SRAM register, providing error-free data bits thereto.

While as a practical matter the XOR gates 38 within
syndrome generators 30S1-30S9 could be provided using
any conventional logic, it is preferred that
differential cascode voltage switch (DCVS) logic be
utilized. DCVS is described in detail in U.S. Patent
4,570,084, issued 2/86 to Griffin et al, the teachings
of which are incorporated herein by reference). Fig. 7
is a circuit diagram of a DCVS 4-input XOR.
Transistors T2 through T15 form the N-type
combinational logic of a 4-input XOR function with
differential inputs AT, AC to DT, DC. When phase PC is
driven high, differential output of the XOR of
differential inputs A,B,C and D is driven to nodes QT
and QC by inverters formed by Tl6, T17, T20 and T21.
Leakage protection is provided by soft latching action-
of T18 and T22.

DCVS iogic is utilized because it provides both fast
switching speeds and enhanced testability. The total
delay from receipt of the input data bits by the first
stage S1 to transmission of the corrected data to the
SRAM is on the order of 5 nsec. As pointed out in the
Jawala paper, one of the major reasons why on-chip ECC
has not been used in the past was because it added too
much delay to the overall access cycle. By utilizing



i nventi on,

showi ng a fetch operation; Fig. 7 is acircuit diagramof a

four-input DCVS XOR utilized in the ECC systemof Figs. 5 and 6; Fig. 8
is a block diagramof the bit redundancy system of the invention; Fig. 9
is a block diagramof the switch network for interconnecting the PDLs and
the redundant PDLs to the MDLs on an any-for-any basis; Fig. 10 s a

circuit diagramof the switch circuit utiliz

is acircuit diagramof a bit line pair of the word |ine redundancy array

of the

DCVS logic, the ECC circuitry of the invention reduces
this delay to the point where the yield/correction
benefits of ECC can be achieved without substantial
accesé penalty. Moreover, 100% testability of the ECC
logic is possible. As shown in Figs. 5-6, the 9 check
bits can be separately accessed through a portion 40D
of the SRAM 40. As shown in Fig. 5, during a test
cycle the position of switch SW can be changed, such
that test check bits can be written directly from SRAM
40D onto the data lines DL, bypassing the generated
check bits on syndrome bus 32. By setting the check
bits externally for different combinations (test
vectors) of data bits, the DRAM cells can be tested
separately, without involving the ECC logic system.
Rapid testing of the ECC logic is also possible due to
the unique properties of the fail modes of DCVS logic.
The outputs of the logic gates.are both 'O' until set,
then one and only one output will assume a 'l'., Fails
in the logic create either a double 'l' or double 'O"
output, which propagates thru the logic, making fault
detection easy.

Having described the ECC block 30, the redundancy
systems of the invention will now be described with
reference to Figs. 8-12.

Before describing the operaticon of the bit line redun-
dancﬁ, it is necessary to understand the arrangement
of the data lines of the invention. Heretofore, the
data lines have been simply referred to as lines that
interconnect the bit lines of the array to the inputs
to the ECC system. In practice, however, the data
lines are actually split into three components - the
pre-data lines (PDLs), the middle data lines (MDLs),
and the full data_lines (DLs). The PDLs are coupled

in Fig. 9; - 14 - Fig. 11



I nvention; Fig. 12 Is a block diagramof the word |ine redundancy array
of the invention; Fig. 13 is a graph of the yield versus the average
nunber of single cell fails for different error nenory recovery techni ques,
including that of the present invention; Fig. 14 is a circuit diagram of
one of the SRAM cells of the invention al ong4ith read/wite support
circuitry; Fig. 15 Is atop view of a portion of the nenory arrays of
Fig. 1, showing the |ayoyt qf the pre-data |lines_of the invention; and Fig.
16 is an enlar §é’dtbﬁe%16"f n&Sr ﬂ?‘oﬁh& A& Yive htySy MRLSHF S5 4%y .2 15.

Descri ption of tkemBasitiese offorheaPDlisn@ndutrddigdaite HpIF) And i in

Fig. 1, a nennryD%giQe%%gv%feEQ%eEn%%%tﬁgis or the bit lines from the
word ﬁ&ne redundancy, and are coupled to the inputs to
the ECC system. Physically, the PDLs are formed in
second level metal over the memory arrays. They have
to be perpendicular to the selected wordline; parallel
to the first metal bit lines. If the PDLs are
straight, one metal bit line will have a large
capacitive coupling to the PDL. While as a practical
matter the PDLs do not change state while the memory
cells in the underlying arrays are being sensed, the
D.C. parasitic alone is enough to disturb the sense
amp, especially if the added load is not balanced. To
limit the capacitive coupling to a given bit line,
PDLs are zig-zagged across the array. Because the
length of the PDL crossing a segment 1s so large
relative to the PDL spacing, the PDLs cross the bit
lines at only a 3 degree angle. Therefore, there is
almost no increase in the length of these lines. But
the worst case loading is one sixteenth of what it
was, the loading is balanced on both bit lines, and
the coupling is alignment insensitive. This is shown
in Fig. 15 (PDLs for an entire segment) and Fig. 16
{expanded view of Fig. 15 - the light lines are the M1-
bit lines, and the dark lines are the PDLs). Note that
the MDLs are formed between the PDL switches and the
DLs, jand the DLs are formed between the MDL switches
and Ehe ECC. Thus, the three sets of data lines with
their associated switches follow the pipelined layout
of the logic blocks, so that they are also laid out in
a generally pipelined fashion.

As previously discussed, each quadrant is 1112 bit
line pairs wide. Of these, sixteen bitline pairs are



conprises four quadrants QUADO QUAD3. As described in nore detail bel ow,

each quadrant has approximately four mllion storage cells (4Md)). Thus,

chip has approximately 16 mllion bits (16M) of cells.

The nenory cells

t he

are of the conventional "one device" DRAMtype (i.e. an FET having its gate
coupled to a word line, its drain coupled toa bit line, and its source
coupled to the storage capacitor, wherein a sense 15 - anplifier coupled

to the bit

voltage froma reference c
general |y descri Bddg rasudtimg et 32 Isdusiant hidd ik pajes Q%ﬁmﬁ%fd

i ne
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ternlne t ogic, state),

and assigned to IBM Although the

Fig. 8;15 a block diagram of the bit redundancy
system The four blocks RBLA, RBLB, RBLC, and RBLD are
groups of eight redundant bit lines shared by adjacent
blocks. Note that the blocks of redundant bit lines
are physically located remote from each other in their
respective array blocks. This is done to maximize the
reliability of the bit line redundancy; if one group
of bit line redundant cells are faulty due to pattern
defects, etc., the chances that the other group will
fail to operate due to the same defects 1s minimized.

Each quadrant has 139 PDLs. Of these, 137 support the
ECW (128 data bits, 9 check bits), and 2 support bit
line redundancy. As shown in Fig. 8, the two redundant
PDLs, RPDLI1, RPDLZ'are also disposed remote from each
other.

Each quadrant also has banks of fuses. There are 32
fuse banks, two for each pair of redundant bit lines.
Each fuse bank has eight fuses. The banks are shown in
Fig. 8 as elements 12A, 12B.

The bit redundancy works as follows. When a bad bit
line is detected during test, the fuse bank for the
applicable redundant bit line (having the same general
locatkon on the same side of the same block) will be
programmed so as to replace the bad bit line. In the
prior art, this is done by programming the fuses to
replicate the address of the bad bit line. In the
present invention, the identity of the programmed fuse
bank itself indicates the address of the bit line to
be replaced. The fuse bank is hard wired to receive



cells can be construed using any one of a nunber of known techniques, it is
preferred that substrate-plate cells be used (wherein the storage plate of
the storage capacitor is forned by doped poly disposed in a trench that
extends t-hrough epitaxial layers to the underl aying substrate that forns
the charge plate - see U. S. Patent 4,801, 988¢g Lssued 1/89 to Kenney and
assigned to IBM the teachings of which are incorporated herein by
reference). It should be appreciated that while this chip architecture wll

be described w tdhéeebetenagaré8s18Mgnailk.CaRehe tABPrked ik@dabiRMaddrelisp of
(o arrays and | FEFBAKS 86 Thi Ehei PEAEERES) HoPiBeStathry FOGuREMAGFaat a
steering 10, a wpuderpdunianegadr oay.2Cheelbgiccetatet bdowai dattiot the( ECC)
30, and an SRAM 40, L™ §§08L8Ls RRe"hhhrB8sI83CLhRESDL to which the
bad bit line is coupled. Note that this operation
occurs for every cycle, whether or not the designated
bit line is bad. In the case where the designated bit
line is not bad, the applicable fuse bank will be
unprogrammed. As shown in Fig. 8, when the received
address is for the bad bit line, the states of the
fuses of the applicable fuse bay are transmitted over
eight output lines 14A, 14B to bit redundancy
predecoders 16A, 16B, which convert eight fuse signals
into 15 predecoded output signals for decoding by the
bit redundancy steering blocks 10A, 10B.

Fig. 9 is a detailed block diagram of steering blocks
10A, 10B. Each steering block features two sets of de-
coders. A first decoder 110A, 110B for each block 10a,
10B provides a 1/8 decode, and a second set of
decoders 112A, 112B for each block 10A, 10B performs a
1/16 decode. In the second set of decoders there are
137 individual decoders {(e.g. 112Al, 112A2, etc.) one
for each PDL. These decoders are broken down into four
groups of 18 each, one group of 17 and three groups of-
16 each. The first decoder 110A, receives six of the
fifteen decoded signals from the predecoder 16A to
decod% which of the eight groups of decoders 112A are
to be addressed. The decoders 112A within the selected
group receive combinations of all 15 decoded address
signals from predecoder 16A, to select one of the
predecoders (of the 137) such that it falls in the
correct group. If a given predecoder is selected, it
will turn on to disconnect the applicable MDL from the
selected PDL, and will substitute the redundant PDL in



in nore detail below, these functional blocks are disposed in a "pipelined"
node; that iss, their placenment mmcs the general order in which they carry
out their respective logic functions. The ECC 30 receives inputs from
either the nmenory cells of QUAD 3 or the word redundancy array 20, and
provides corrected bits to the SRAM 40, whicd/in turn provi des sel ected
bits to the 1/0O pads 50. By disposing the logic in a pipelined node, both
the | ayout of the functional blocks is siqﬁjified and the perfornmance

del ays associ at ed- % FHa%hg TH4Ss iy Hrm HEPRRCY BPbckP®o the next
are hm ni E Céed_- ThHirSrdrftion caff reFsdesi Ay YoitPid€@nin i the NEOr Y| alvi By
on-chip 1N a minimum of overhead and access delay, by simply
switcding a redundant PDL for the PDL coupled to the

faulty bit line.

One of the decoders 112A1 is shown in detail in Fig.
10. The block labeled DEC provides the decode function
previously described. When the output of DEC is high
(indicating that decoder 112A1 has been selected), the
redundant PDL (RPDL) is to be coupled to MDL. Thus,
when DEC is high the transistors TTN1l and TTP1l turn
on, passing RPDL to the MDL input. If DEC is low,
redundancy is not invoked, and TTN1 and TTPl stay off
while TTN2 and TTP2 turn on, coupling PDL to the MDL
input.

with the bit redundancy system as described above, the
137 MDLs pass through the word redundancy system 20
prior to being inputted to the ECC 30. The word
redundancy system will now be described with reference
to Figs. 11-13.

The word redundancy array 20 consists of 24 W/Ls by
1096 B/L pairs that operate independently of the DRAM
array. The array incorporates a twin cell architecture
that stores both true and complement data. The small
size of the array makes the added cost for twin cell
area émall compared to the support circuitry.

By forming the redundant word line array in an area of
the chip removed from the main memory array,
reliability is improved because the redundant arrays
will be more immune to pattern defects, etc. occurring
in the memory array. This is especially important for



order to mnimze the added access del ay associated with this circuitry.
The rermai ni ng peripheral circuits (e.g. address decod- ers, buffers, clock
generators, etc.) are located vertically and horizontally thru the center
of the chip to optim ze chip performance and reliability. The I/O pads 50
are located in the center of the chip such 2Bat signals are transmtted to
the respective peripheral circuits and arrays across only one half the chip
|l ength to obtain a mninmum RC wiring delay. Also, all external 1/0O signals
are separately bus¢evithfan BaChsystemanbe¢huse, usachfqBaGr Ancrkasest s own
buffers) to both d (of ' | e ERqQ to
enhance pi ece pa?%grg§?%g???t%&ﬁgﬁgsgggggﬁaqgg P%ﬁ?hgfmfgg gpgsgéns as a
total |y separat e¥iddd chiipreeyver, 2begaufeekbangedundantovotdabiBesf areg. 1.

Each not fokmed in a particular segment of the quadrant,
' they can replace any failing word line in the quad-
rant. '

Another aspect of the word redundancy system that has
been optimized for use with on-?hip ECC is the use of
a twin-cell array. As shown in Fig. 11, each redundant
word line RWLO, RWLl is coupled to a memory cell on
each bit line. Thus, each word line is coupled to
memory cells storing both high and low states. When a
given word line is selected, it turns on to set the
respective bit lines“at these high, low values. Note
that this is different from the main memory array,
wherein dummy cells are used to establish a comparison
voltage. Because the twin cell layout provides a full
"1" and a full "0" to the sense amplifier, the chances
that the sense amp will sense the respective states
incorrectly are minimized. At the same time, because
full logic levels are presented for sensing, it takes
less time for the sense amp to set; at the same time,
because the array is only 24 W/L deep, the bit lines
are extremely small, providing a high bit line
transfer ratio that even further enhances the sensing
operation.

i
Other than the features discussed above, the specific
manner in which the redundant word line array operates
is akin to conventional arrangements. As shown in Fig.
12, the address of a defective word line (W/L) is
stored in one of 24 fuse bays 22A, 22B that is
dedicated to a W/L in the redundant array. The fuse
bays 22 determine if the W/L being addressed in the



quadrant is broken down into four one negabit blocks Bl-B4, each of which
consi sts of two segments of 512Kb of menory cells. Thus each quadrant has
ei ght segnments SI-S8. Each quadrant conprises 4096 word |ines (the | ayout
of the word lines being indicated by the arrgws W). Each segment Sl1-S8 has
1112 bit line pairs, the layout within a Feé eCtive segnent being indicated
by the arrows BL. Each bl ock B1-B4 has its own set of sense anplifiers
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match,gthe redundant W/L is used to replace the W/L
selected in the main array, any of the fuse bays 22a,
22B can be programmed such that the corresponding
redundant W/L can replace any of the 4096 W/Ls in the
quadrant. Subsequently, during the CAS cycle the same
bit line decode is carried out as in the memory
arrays, to select one of the bit lines within the
redundancy array. As a function of this decode, signal
BS rises coupling the 137 bit lines from the word
redundancy array to the inputs to the data line DL
inputs to ECC 30. A switching network akin to the
switch shown in Fig. 10 for bit line redundancy
substitution could be used to switch the DL inputs
between the MDL outputs and the bit lines of the
redundancy array. The switch can be controlled by an
auxiliary signal that indicates whether or not a
redundant word line has been activated. '

In the invention, the combination of optimized redun-~
dant circuits and on-chip error correcting code
circuits leads to a fault-tolerance synergism. This
synergism results because the redundant circuits are
used to circumvent the major limitation to the use of
error correcting codes, which is the occurrence of
more ghan one failing bit in an ECW, such that the
odd-weight DED/SEC code cannot correct the ECW. One of
the ways to circumvent this problem is to utilize
interdigitated bit lines, wherein adjacent bit
lines/cells are elements of different ECWs (thus, if
adjacent bit lines/cells fail, they will be single
errors in different ECC words, rather than a double
error in one). In the invention, eight adjacent bit



- 17 - quadrant. As shown in Fig. 1, the bit decoders BDEC are disposed in
the center of the chip, and contain two identical independent decoders
coupl ed to respective bl ocks of adjacent quadrants. In practice, all of

t hese decoders are of the standard NOR-node type. Fig. 3 is a |logic diagram
showi ng the overall operation and interdepeggences of the functional bl ocks
of Figs. 1 and 2. The external row enable phase (RE) goes lowto initiate
the operation of the chip by starting internal clock generators RE PHASES

70 associ at ed Wirhgoggﬁweeﬂfgogwgg 9‘@09& &Eﬁé%ék%@bénﬁ”%@' es 1/4

bl ock select 72 recel ves east ficant addresses A9 and Al10
fromthe addresgd%ﬁ??é?gtaﬁﬁwﬁru@?é@ﬁbﬁéhﬁﬁ? SénéhﬁtBngéﬁéﬂlty of

more than one fault occurring in these 137 -~ bit ECWs
indica%e that with 428 randomly failing cells in a 16
Mbit memory, there is a better than 50% chance that
two such failing cells will not occur in the same
error correcting code word of 137 bits, and thus the
chip can be corrected with ECC alone. The yield
associated with all these defects would therefore be
more than 50%. Nevertheless, when there are 1000
randomly failing cells on a chip, the chance for
nonalignment of cells in any error correcting code
word is less than 2%, thus representing a 2% yield.

In the chip described here, the error correction
affects only a single failing bit in an error correcting
code word. Any additional faults in an error
correcting code word must be fixed with redundancy or
else the chip will fail. In order to optimize the
fault tolerance of a chip with error correction, it is
necessary to replace the multiple faults in an error
correcting code word in a systematic way. The first
step in achieving this is by the use of the bit line
redundancy of the invention, wherein two blocks within
each quadrant have their own redundant bit lines that -
can substitute any defective bit therein. Based on
computer simulations and theoretical calculations, the
fault! tolerance of the ECC increases dramatically by
this use of the redundant bit lines of the invention.

As shown in Fig. 13, without the use of the error
correcting code circuits, {i.e. using redundant bit
lines only), an average of 28 randomly failing single
cells per chip would result in an expected yield of
50% for a 16Mb chip. Using the error correcting code
circuits only, with no bit line redundancy, results in



shown) on-chip. The bl ock sel ect selects a group of 1024 out of the 4096
word li.,nes i,n each quadrant. The bl ock sel ect provides an enable signal E
that only enabl es the predecoders 74 and one of the decoders in each

76A- 76D associated with each 512 word lines in the selected bl ock. Both the
predecoders and decoders decode address signgjs-A0-A8, to select a word
line in each of two 512 word |line segnents. Fig. 4 shows a detailed circuit
di.agram of the sense system of the invention. The voltage on sel ected word
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coupled to two adéxﬂc cgfée!:izlngé cBJdé‘”Srg&ceQ 8YEos yield at an
average of 2725 randomly failing single cells per
chip. It was also found theoretically that the fault
tolerance increase depended sharply on the number of
redundant bit lines per segment. Hence, while two
redundant bit lines per segment is given by way of
example, as a practical matter more lines could be
added to increase the reliability results. In the
invention two redundant bit lines were used because
even greater fault tolerance optimization could be
achieved by the use of the redundant word line
techniques of the invention.

As described above, the chip ié divided in four quad-
rants, each having a separate array of 24 redundant
word lines. Thus, a given redundant word line can
replace eight error correcting code words if they
contain multiple defects, and can do it more reliably
(i.e. with less of a chance of providing new ECWs that
incorporate double errors) due to the use of a
separate array and the use of the twin cell word line
technique. It is this capability that gives the word
line redundancy even more of a synergistic effect than
the bit line redundancy. This is caused by the elimi-
nation of multiple fault alignments on the word lines.
The resulting yields are shown in the third curve of
Fig. 13. The results are affected by the yield of the
redundant word lines. If the yield of the redundant
word lines is assumed to be the same as that of the
reqgular word lines, the 50% yield point occurs at an
average of 4016 random single cell failures. However,
in this chip the redundant word lines use a twin cell



exanple, the reference word line RL2 wll fall, to provi de a reference
voltage to hit line BC. After word line W. has fallen, signal SETN fromthe
RE PHASES 70 will fall, setting the n-latch 71N and the p-latch 71P of the
sense anplifier 71. The n-latch 71N drives bit lines BT and BC to opposite
(high-low) states, as a function of the char stored in the sel ected
menory cell. The p-latch 71P will keep the bit lines latched at their

hi gh-1 ow vol tages. Referring back to Fig. 3, note that this operation is
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Assuming 100% yield for these redundant lines results
in a gO% vield point at an average of 5661 random
single cell failures per chip. Thus, the use of both
bit line and word line redundancy optimized for
on-chip ECC results in a 50% yield point more than a
magnitude greater than the 50% yield point achieved by
ECC alone. As a practical matter, this greatly
enhances yields early in the production cycle when
functional parts are needed most, while also enhancing
the field-fail immunity of the chip. Given the
complexity/expense of the manufacturing processes of
these chips, this increase in yield/reliability is of
vital importance.

Once the data bits are correctéd by the ECC 30, the
corrected ECW is passed to the SRAM 40. The SRAM is a
1 x 144 bit data register, wherein each SRAM cell is a
conventional 4-device cross-coupled latch, (40A in
Fig. 14). As shown in Fig. 14, the logic state stored
by the SRAM cell can be set from two different
sources: from off-chip {via WDC and WDT) or from the
ECC outputs {(via SRT and SRC). Moreover, the cell can
provide data to two destinations: either the ECC (via -
output CA and TA) or the output pins {(via output SRO).
The SRAM cells are broken up into two groups of 72
cellsl! As shown in Fig. 3, a decoder 84 determines
which of the 72 cells in each group are to be accessed
when reading/writing data from/to to the output pins
(in Fig. 14, the decode during the write cycle is
DECW; during the read cycle, DECR and DECR').

While the SRAM is used principally as a means of
accessing ECWs, it provides additional advantages that



conponents. \Wen external clock columm enable CE falls, the bit decode
operation begins. O the eleven address bits provided at that tine, the
nost significant bits A7-Al0 are decoded by a columm decoder 82. Col um
decoder .82 provides a 1/16 decode, to select 139 out of the 1112 bit |ine
pairs in each quadrant. Thus, referring ba3k to Fig. 4, 139 pairs of bit
lines BT, BC will be coupled to data lines by virtue of the BSG signal

ri sing, which turns on pass transistors N15, N16 that, couple the bit lines
to the data |irR&FY{dEo skRSFER e ecagss farer PeprhbbeeyOoSubReitution and
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pre-decoder 84 3k} %QWW?mﬁr%fa%%%cﬁﬁﬁ BPt EPE oRUEPREPLEEN SRAM 40A,
40B). Final |y, mikbesi bisutibut smeldesdedchyas hpa@aTAodé D SEBEMIX bl ock 40C,

column'mode, and the access mode described in the
aforementioned 4,845,664 IBM patent, can be carried
out at extremely high data rates. Another operation
mode that can be accomplished with the aid of an SRAM
is a page clear mode. During a write cycle the entire
SRAM is written to the data state present at the I/O
pad. This data is then written back to the array
wherein the address at RE time indicates the selected
word line and the address at CAS time indicates the
selected ECW. In this manner, due to the
non-contiguous {interdigated) bit locations of a page,
high speed data pattern writing is performed. If,
while the chip is still in the'page clear function a
read cycle is performed, the data from the array is
fetched to the SRAM and the entire 128 data bits are
compared to each other. Thus offering a 128x reduction
in test time. This is for only one quadrant of the
chip (4Meg). The test time reduction for the chip is
128 x 4 or a 512x reduction.

With reference to Fig. 3, the data I/0O block 40C
includes a rate-controlled off-chip driver {(OCD) that
supports the fast data rates resulting from the
operating modes discussed above. At the same time, the
oCD shbuld have a high degree of immunity to current
surges resulting from the large number of different
data wiring nets used on memory cards. While any OCD
designs that possess the foregoing attributes could be
utilized here, it is preferred to use the OCD design
described in U.S. Patent Application S.N. 419,341,
entitled “CMOS Driver Circuit," filed 10/10/839 by



to provide one of the two bits to the output 1/01. Alternatively, this
final decode could not be carried out, and both bits could be supplied via
a second output pin 1/0O 2. Alternatively, as described in - 19 - detai
in US. Patent 4,845,664, (issued 7/89 to Aichelmann, Jr. et al and
assigned to IBM the teachings of which aré:yﬁdbrporated herei n by
reference) both bits could be sent out a single pin I/O1 in a sequenti al
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quadrant). |n theoleseddisagsdesi Ahaveorart e ofetp ussisiqdbressedional
means, in the invention they are set electronically,
such that a single silicon part number supports
multiﬁle operational modes. The chip powers up in a
default mode depending on the package it is placed in,
and can be put into any other of its operational
modes, that is toggle, fast page, static column, by
simply monitoring the address inputs when CE and WE
are active before RE occurs. Note that this feature
permits the memory chip to be operated in more than
one mode (to the extent compatible, e.g. static column
mode and clear page) at the same time. Mode address
decoders monitor the address signals, and a particular
operational mode is selected if a respective mode
address decoder receives the correct address. The
activated decoder will provide a control signal to the
data I/0 and mux 40C of Fig. 3 to control its
operation as a function of the selected operational
mode. This electrical programming of the operational
mode does not adversely impact chip size, power or
performance. This feature provides cost and time
savings due to the fact only one chip silicon part is
designed, characterized, manufactured, stocked,
tested, etc. The part is totally tested for all
pattern sensitivities of the array which is the vast
majority of test time with only a short test to verify
operational modes since these modes are only logic
that £nterface the pads to the static register.

In summary, a DRAM architecture has been described
wherein both bit line and word line redundancy have
been optimized to support on-chip ECC. While the
optimization of these redundancy systems was motivated
by on-chip ECC, in practice either one or both systems



using 11 row address bits and 11 columm address bits (11/11). As described
in co-pending U.S. Patent Application BU9-90-001, entitled, "Low Power

Addr essing Systems," filed 2/12/90, by J. Barth et al and assigned to |BM
the chip can al so be addressed using 12/10 addressing. Since nmany of the
features of the nmenory chip architecture of3she invention are a function of
the on-chip ECC, a description of the systemw ||l now be made with
reference to Figs. 5-7. Al of the read or wite cycles of the invention
begin with a "fEﬁ@ﬁldeEﬁ@id@ﬂth@mgaméngdmeaalsaﬁvansageseﬂnfron1the DRAM
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30 utilizes an<ﬁﬂhawmgﬁmn&@mm7ngfcbu@ 1mm¢chl9nomau@@1ae@oub|e error
detect, single Qﬁff%egentlal signal by use of a twin cell technique;
as a practical matter, any other means of driving the
respective bit lines of the word line redundancy
system to full rail potentials could be used, e.g. by
using SRAM cells. Moreover, while in the invention a
SEC/DED odd-weight Hamming code was specified, any
sort of error correction coding could be used.

As previously discussed, the error recovery system of
the invention can be used to correct for both initial
hard fails, and either soft and hard fails
subsequently occurring in the field. However, it is
possible that over time the defect learning of the
semiconductor process may reach a point where the
vield of good bits is'high enough so that the
remaining bad bits can be fixed by the redundancy
system alone. Should this occur, it may be desirable
to remove the on-chip ECC circuitry, and use the
remaining support circuitry {e.g. SRAM, etc.) to carry
out ECC at the system level, while still obtaining the
high data rates and efficient copy/test modes afforded
by having the ECW resident in the SRAM. The
architecture of the invention supports easy removal of
the ECC block. As shown in Fig. 1, notice how each ECC
block 30 for the respective quadrants is formed in an
area of the chip where no other circuitry is formed;
moreover, note that adjacent ECC blocks are formed in
a rectangular area of the chip that extends from one
long side to the other long side thereof. Thus, the
ECC block 20 could be completely removed {and the MDL



correct (DED/ SEC) capability. Wiile other codes (e.g., horizontal-vertical
parity) could be used, odd-weight Hamm ng code is preferred because it
provi des the best error coverage at the | owest cost (for a nore detailed
conpari son between odd-wei ght ECC - 20 - codes and ot her codes, see the
article by N. Jarwala et al entitled "Cost ABaklysis of On Chip Error
Control Coding for Fault Tol erant Dynam c RAMs," Proceedi ngs of the
Sevent eenth International Synposiumon Fault- Tol erant Conputing, Pittsb.
PA, July 6-8 1987utppts2ggupdaedl. dinechdyi hoebheoARAY dapatwdr wighouzs bits
s us gd,bi requiri @95 BhPBi A Caky PLESthEObtReOLBbpBLEOE 1 ERUA REY. ORMar d (ECW
would provide a significant savings in chip real

estatd at minimum redesign cost.



As shown in Fig. 5 the ECC block 30 is made up of nine syndrone generators
30S1- 30S9. As shown within syndrome generator 30Sl, eaeh- generator is nmade
up of three stage exclusive-OR (XOR) logic trees. The firs

( _ ( stage 1S of the
logic tree is made up of a first set of four.input XOR cot < d
stage 2S is nade up of approximately four~f adr i nput XOR | F '
final stage 3Sis a single four-input XOR gate. Note that ,

generators 30S1-30S9 have different nunber f jnputs (specifically 51, 59,
59, 59, 55, 59, 60, 47, and 56 respectpvglé)%ty timze the interconnect
wiring layout. The three stages of XOR generate the parity of a subset of

then compared tolthe &t BRBETHCERIBPR ASFeERal bt Bden 1 e SUPTRRTEMT f 1 om
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respective a plurality of word lines (WL}, a plurality of
bit lines (BL), and a plurality of redundant bit
lines, switching means for substituting any one
of said plurality of redundant bit lines for any
one of said plurality of bit lines in said
plurality of arrays, a separate array of
redundant word lines (RWL), address means for
accessing an X-bit error correction word
comprising data bits and check bits from said
array of memory cells or said array of redundant
word lines, error correction circuitry (30)
coupled to said plurality of word lines (WL),
said plurality of bit lines {BL), said‘'plurality
of redundant bit lines, and said separate array
of redundant word lines (RWL), for reading said
accessed error correction word therefrom and
correcting any faulty data bits therein, and
output means for providing said data bits as
corrected by said error correction circuitry for
external read-out.

2. The memory as recited in claim 1, further
comprising a first plurality X+N of data lines,
wherein a first group X of said first ﬁlurality
of data lines are selectively coupled to said
plurality of bit lines, and wherein a second
group N of sald first plurality of data lines are
selectively coupled to said plurality of
redundant bit lines.

A



line of a 9-bit syndrone bus 32. The inputs to the first stage Sl of--eaech————
syndronme generator 30S1-30S9 are subsets of the 128 data b|ts~hls

syndrome generator receives a unique set of data bits, in acc lmmd
the error. correction code requirenents. In gper mords, these
are wired to calculate the parity of sel ect éd subsets of the

wor d accordi ng to a parlty check matrix defining the error correctlon code
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4. Tpe memory as recited in claim 3, wherein said
first group X of said first plurality of data
lines are coupled to respective ones of said
second plurality of data lines by said switching
means, and wherein said switching means couples
one of said second group N of said first
plurality of data lines to a respective one of
said second plurality of data lines if a
respective one of said first group X of said
first data lines is coupled to a faulty bit line.

5. The memory as recited in claim 4, further
comprising a second switching means for coupling
bit lines of said separate redundant word line
array (20) to réSpective.ones of said second
plurality of data lines when said word line
addressed by said addressiﬁg means is faulty.

6. The memory as recited in claim 2, wherein said
plurality of word lines (WL) are disposed in a
first direction, said plurality of bit lines (BL)
are disposed above said plurality of word lines
in a second direction substantially orthogonal to
said first direction, and said first plurality of
gata lines are disposed above said plurality of
bit lines in said second orthogonal direction,
wherein said firet plurality of data lines are
disposed in a zig-zag pattern relative to said
plurality of bit lines to minimize the capacitive
coupling thereto.
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external row enabl e signa

RE to the inputs of 30S1-30S9. The renalnlng—————

nine inputs 6f the 30S1-30S9 are held at logical 0. Once t R8s SREGK. Bl.

have been generated, they

are coupled fromthe syndrone bus
lines of the DRAM via switch SWand invertess 34, and both ‘ ﬂ I I
bits and 9 check bits are witten back to the DRAM arrays t

lines DL. In a fetch operation, the ECW consisting of 128 data bits with
their 9 check bits, iThe eashdrwmd heecalw\damadmmdi,smséﬁdlmb@am Thi s

data is sent down 137 data lines .OL coupl ed. between the bit

nes. and t e

ECC system Nine checkBi%ts °a¥ree°gte1n°e’} at ‘f’r‘bﬁ(t%%“%%‘r%eiu%s%ir%r%}
128-bit data word as afessymdmunalgrrerdtms (TESheidss henemdt ad check bits

are conpared to the

dd ol e P51l b Th1d 1 d2R £8Y %P ts when

they were originally Itten int
syndrome generators (30S1-30S9) for receiving

respective syndrome bits therefrom.

8. The memory as recited in claim 7, wherein said

erroxr

correction circuitry (30) is comprised of

differential cascode voltage switch XOR logic

gates

9. The memory as recited in claim 7, wherein each of
said plurality of syndrome generators (30S1-30S9)
are coupled to different sets of said second

plura

lity of data lines.

10. The memory as recited in claim 9, wherein during

a writeback cycle respective parity bits are
generated and stored as check bits of said error
correction word.

11. The memory as recited in claim 10, wherein said
plurality of syndrome generators (30S1-30S9)
compare said stored check bits of said error
correction word with respective check bits
generated by said plurality of syndrome
generators for said data bits of said error

‘correction word during a fetch cycle, to generate
respective syndrome bits.

12. The memory as recited in claim 11, further com-
prising means coupled to said plurality of
syndrome generators {(30S1-30S9) for determining

which

of said data bits of said error correction

AU



the chip. This is done by carrying out an XOR opera- tion on a bit-by-bit
basis at the:respective outputs of the syndronme gener at or s Thin8heetHa®BEh Replaced
This results in the generation of nine syndrome bits that i r
syndronme address. This syndrome data is drivdn onto the 9-bi

32, where its binary value is decoded by 128 devices 36 (one for e
data bit) to indicate the position of a bad bit (i.e., which data bit is
bad). In the case of Qg grrors.mﬁthin:a 137-bit E t he neg%ikgenerat d
check bits are the safB‘%s3fRellhEEkOpirt 305 BIFARSMET LV SH: T Er e
originally witten, asdidhdatesblitisng syndrome address is 0. In the event
of an error, the - 22 -

13. The memory as recited in claim 12, wherein said
determining means is comprised of a plurality of
differential cascode voltage switch XOR gates.

14. The memory as recited in claim 1, wherein said
memory is formed on a rectangular chip having
four sides, and wherein said error correction
circuitry {(30) is disposed on a substantially
rectangular portion of said substrate that
extends to two of said four sides of said
rectangular chip, said substantially rectangular
portion of said substrate having no other
substantial circuitry associated therewith.

15. The memory as recited in claim 1, wherein said
output means comprises a buffer that stores both
of said data bits and said check bits of said
error correction word.

16. The memory as recited in claim 15, wherein said
output means further comprises means for
addressing at least one of said data bits stored
in said buffer, and at least one I/0O means for
receiving said at least one of said data bits for
data transmission.

17. An architecture for at least part of an
integrated circuit chip, comprising:

an array of memory cells disposed on a first portion of
the chip (100}, comprising a plurality of word
lines, a plurality of bit lines, a first

_—
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syndronme bus 32 provides a 9-bit address signal (1/128) that |nd|cates the

| ocation of .the bad bit, and the NOR decoder 36 at thatTlp
an error flag bit EB. The outputs of the 128 NOR decoder I
with the 128 respective data bits at XOR gaggs 38 andi a

inverted if its associated error bit EBis ti've. The out put of each of
the 128 2-input XOR gates 38 drives the 128 bit SRAM regi ster, providing

error-free data bits g?ﬁ£§&85§wg55§§% r§|§e§églc tter tg. CRtgates 38

wi t hi n syndrone generators u5|
conventional |ogic, iPlusapisvepfenemnphay deﬂﬂerbnunalcoa&dedetmohtage

tch (DCVS) | b t | Pat ent
3570, 084 bsued o1 SESLBCer AP, gey’SE) SaRSEILAGT ey €F Yo Diles

i ncor porated herein b?nﬁeFerénEQFPePnge7°p§ @fcﬁﬁédlplﬁﬁééﬂaﬁi@ﬁ &HDCVS
4-input XOR. llnes, a plurality of redundant bit lines, and a

second plurality of memory cells, each of said
second plurality of memory cells being coupled to
a respective one of said plurality of word lines
and a respective one of said plurality of
redundant bit lines;

switching means for substituting any one of said
plurality of redundant bit lines for any one of
said plurality of bit lines in said array of
memory cells;

an independent word line redundancy array (20)
disposed on a second portion of the chip (100)
spaced from said first portion;

an error detection and correction means (30)
coupled to said plurality of arrays of memory
cells and to said independent word line
redundancy array (20) for reading and/or writing
an error correction word comprising a plurality
of data bits and a plurality of check bits
therefrom/thereto, respectively; and

é buffer for receiving from/sending to said error
detection and correction means (30) said
plurality of data bits and said plurality of
check bits.

Y



Transi stors T2 through T15 formthe N-type conblnatlonal | glc c of @4 i nput

XOR function with differential inputs AT, AC to DI, DC. ?B £C,1 S

driven high, differential output of the XOR of differential ¥ (md
and Dis.driven to nodes QI and QC by inverters formed by nd
T21. Leakage protection is provided by soft4d atching action of 22

DCVS logic is utilized because it provides both fast sw tching speeds and
enhanced testability. The total delay fromreceipt of the input data bits
by the first stage S?hBoCbﬂ@nﬁmbbgh§¢ﬁﬂra|u£(niaimnkii(Hhereint$mh$RANIis

on the order of 5 nsgﬁdﬁnagln@ %%d{ Wd anala Napss Jgée t he

maj or reasons why on-chip has n een used LN the past mas cause it
added t oo nuch deIayCPwpﬁﬁée@véﬁqu%ﬁ: ardundagt wond Aines.

18. The chip architecture of claim 17, whHerein said
plurality of arrays of memory cells, said
switching means, said independent word line
redundancy array (20), said error detection and
correction means (30), and said buffer are
disposed in a pipelined fashion along said
portion of said integrated circuit chip.

20. The chip architecture as recited in claim 17,
wherein said error detection and correction means
{30) generates said check bits in accordance with
a double error detect, single error correct error
correction code.

21. The chip architecture as recited in claim 20,
wherein said error detection and correction means
(30) comprises'a plurality of DCVS XOR logic
gates.

22. The chip architecture as recited in claim 17,
wherein said buffer means further comprises means
for selecting particular ones of said data bits
stored by said buffer means for output.

23. The chip architecture as recited in claim 22,
further comprising means decoding mode address
signals to set the operating mode of the part of
the integrated circuit chip.
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- 23 - DCVS logic, the ECC circuitry of the invention reduces—this—delay to

the point where the yield/correction benefits of ECC can b
wi t hout substanti al
| ogic is possible.

| eyed
access penalty. Moreover, 100@6testabiﬁ? %ﬁ,ﬁ¥ 1 ced
As shown in Figs. 5-6, the 9 check bits % w’
separately accessed through a portion 40D"of3the SRAM 40. i

5, during a test cycle the position of switch SWcan be changed,
test check bits can be witten directlg fron1SRAN[4og onto_the data |ines
DL, bypassing the*genef&t €@LENRERDBFESTY s

check bits externall ywherethf&gienfatanbifat apasreéh@sbureebonyp phdeat a

bits, the DRAMcells can be tested egiigﬁghyb wWi_t hqut inv%Lvin%dhgg ECC

| ogi ¢ system

25.

26.

27.

28.

Res$AdFBRETS

Il 4 manner estca vy said operating

set by said mode address signals.

The chip architecture as recited in claim 24,
wherein said buffer means provides one of said
data bits to an I/0 pad during a given access
cycle.

The chip architecture as recited in claim 24,
wherein said buffer means pfovides two of said
data bits to two I/0 pads, respectively, during a
given access cycle.

The chip architecture as recited in claim 24,
wherein said buffer means provides two of said
data bits in a sequential fashion to an I/0 pad
during a given access cycle.

In a manufacturing process for forming wafers
having a plurality of memory chips (100) thereon,
each of the memory chips (100) comprising both a
number X of memory cells and a number Y of
redundant cells that can be substituted for
selected ones of said memory cells that are
faulty, and support circuitry for writing data
into and reading data out of the array of memory
cells, the process having a production cycle
associated therewith that is a function of the
number N of memory cells that are faulty after
production thereof, the improvement comprising
the steps of:

early in the production cycle, providing an error

s

such that

igpclpgms @bt ng t he



T

Rapid testing of the ECC logic is also possible due to gl ﬁg e‘_x\
properties of the fail nodes of DCVS.|ogic. The outputs i¥eplerad es
are both "0'" until set, then one and only one output wl ’% , .

- ch

Fails in the logic create either a double '1 or double '
propagates thru the logic, making fault deétdction easy. Havi ng descri bed
the ECC bl ock 30, the redundancy systens of the invention wll now be

described with reference tq Figs. 8-12. Befqre describing the operation of
the bit |ine redun- SPRFEFELAN GO XS &}Qiﬂﬂe(r%d)arﬁf’ e FURRRE ent of
the data |ines of thdrcwiaiy @f ddtetmury dHigp dateo ) nasd have been
sinply referred to %34 I nes that. j nt.erca n%ﬁt éhe.qgt |ines of the array to
the inputs to the E ﬁ?sstlélrﬂ 3341 S AR &t fPH% Hht3$3 n re
actual ly split intoexueeslsdymmentes sidehef the memory chip to the

other, said area not having any other circuitry

associated therewith, and

later in the production cycle, when said number N
of faulty memory cells produced by said process
is approximately the same as or less than the
number Y of redundant cells, deleting said error
correction code circuit block from memory chips
subsequently manufactured by the process.

29. A memory chip, comprising:

an array of memory cells interconnected by a
plurality of word lines and a first plurality of
bit lines,

a plurality of redundant bit lines,

means for simultaneously addressing a first
predetermined number of said first plurality of
bit lines so as to access a multi-bit word, while
also simultaneously addressing a second
predetermined number of said plurality of
redundant bit lines,

a first plurality of data lines coupled to at
least said first predetermined number of said
first plurality of bit lines and to said second
predetermined number of said plurality of
redundant bit lines,

. R A Mllj Ml



pre-data |lines (PDLs), the m ddle data |ines (MLs), nd the fuII dat a
lines (DLs).*The PDLs are coupl ed - 24 - to the bi mt a@dr ay;
the MDLs receive a conbination of the PDLs and redunda he DLs
receive either the MbLs or the bit lines fjgomthe mord cy, and

are coupled to the inputs to the ECC system Physically, the PDLs are
formed in second | evel netal over the nenory arrays. They have to be

perpendi cul ar to the §@é@§ae§1ﬂ\p&ﬁiwe¢>fp@éehl th&@ tbﬁefrb&ﬁt thRkal bit
lines. If the PDLs are ftral ave_a |l arge

capaci tive couplin®t® .S%%Slﬁeﬁgné BhHEFh&&V ﬁﬁtgéFatﬂénPELs do not
change state whil e then i@ty are of said -first plurality of data

lines, and

first switching means for substituting one or
more of said second predetermined number of said
plurality of redundant bit lines for any one or
more of said first predetermined number of said
first plurality of bit lines, and providing a
signal from said substituted redundant bit line
as a respective bit of said multi-bit word.

30. The memory chip as recited in claim 29, further
comprising:

a plurality of redundant word lines having a
second plurality of bit lines associated
therewith,

a third plurality of data-lines, and

second switching means for coupling said third
plurality of data lines to either respective ones
of said second plurality of data lines or
respective one of said second plurality of bit
lines if a selected one of said plurality of word
lines is faulty.

31. The memory chip as recited in claim 30, wherein
said plurality of redundant word lines are
disposed in a portion of the chip spaced from
said plurality of word lines.
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cells in the underlying arrays are being sensed, the D.C. "parasitic alone
is enough to disturb the sense anp, especially if the Taddket HaoBekniRSpisrad
bal anced. To Iimt the capacitive coupling to a given bl [ are
zi g-zagged across the array. Because the |length of the H

segment is so large relative to the PDL 3p#iTng, the PDLS cross It
lines at only a 3 degree angle. Therefore, there is alnbst no increase in
the length of these lines. But the worst case_l pading, is_one_sixteenth of
what it was, the oé&?%@nqw%lﬁ?%cﬁ%ﬁ%ﬂ@%i%nl?ﬂ%w 30d FREtRSEpIing is
alignnment insensitiomptising: shown in Fig. 15 (PDLs for an entire
segnent) and Fig. 16 (expanded view of Fig. 15 - the light lines are the M
bit lines, and the dark Iines are the PDLS). Note that the MDLs are forned

bet ween the PDL sw tmedeass afdD ¥ heoudbed tamdsdid thbrdrpldvahitybefween the
MDL swi tches

data lines for providing a Hamming code error
checking and correcting function, and a buffer
coupled said means for providing a Hamming code
error checking and correcting function for
storing both data bits and check bits generated
therefrom.

33. The memory chip as recited in claim 30, wherein
said first plurality of data lines, said first
switching means, said second plurality of data
lines, said second switching means, and said
third plurality of data lines are arranged in a
pipelined fashion on the chip.

34. The memory chip as recited in claim 33, wherein
said means (30) for providing a Hamming code
error checking and correcting function and said
buffer are arranged in a pipelined fashion on the
chip.

35. The memory chip as recited in claim 33, wherein
said plurality of word lines (WL) are disposed in
a first direction, and plurality of bit lines
(BL) are disposed in a second direction, and said
first plurality of data lines are disposed in a
zig-zag pattern over said plurality of bit lines
in said second direction, so as to minimize
capacitive coupling between said data lines and
said bit lines.
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and the ECC. Thus, the three sets of data lines with thqffﬁa§§défafednum%
swi tches folel ow the pipelined | ayout of the |logic bl ock&his Sheet cel PIEY are

also laid out in a generally pipelined fashion. As previ epd
each quadrant is 1112 bit line pairs wide. O these, six ” airs
are - 25 - redundant pairs which are repl7aced two bl ocks

resulting in 32 redundant bit line pair elenents. Fig. 8 is a bl ock diagram
of the bit redundancy system The four bl ocks RBLA, RBLB, RBLC, and RBLD

are groups of eBght Esdantemorlyi arirayesosimededrbyr stjhatgrate lking Not e
that the blocks of rgdupdaftydik heftAice 1A SHiddcodiid&s pempte from

each other in their ] . ]
plurality of word lines disposed in a first

direction, and a plurality of bit lines disposed
over said plurality of word lines (WL) in a
second direction substantially orthogonal to said
first direction, a plurality of data lines
disposed in a zig-zag pattern over said plurality
of bit lines in said second direction, so as to
minimize capacitive coupling between said data
lines and said bit lines.

37. The memory array as recited in claim 36, wherein
each of said plurality of word lines stores a
multi-bit word, and wherein the number of said
plurality of data lines is approximately
equivalent to the number of bits in said
multi-bit word.

38. A memory chip, comprising

a first array of memory cells disposed on a first
portion of said chip, said memory cells being
interconnected by a plurality of bit lines and a
plurality of word.lines, said array including a
plurality of senée amplifiers coupled to said
plurality of bit lines to sense a differential
signal of a first magnitude therefrom to read
respective ones of said memory cells,

a second array of redundant cells disposed on a
second portion of said chip spaced from said
first portion thereof, said redundant cells being
interconnected by a plurality of bit lines and a
plurality of word lines, said second array

L



respective array bl ocks.

This is done to maxim ze the reliability of the

bit line redundancy; if one group of bit |ine redundantThiséh¢etH e 1f9 .
due to pattern defects, etc., the chances that the other I I il to
S.

operate due to the sane defects is mnimzed. Each quadr

O these,

bit line redundancy. As shown in Fig. 8,
RPDL2 are al so di sposed renpote from each ot her.

137 support the ECW (128 data -i48&,-9 check bits),

and 2 support

the two redundant PDLs, RPDL1,
Each quadrant al so has

banks of fuses. Thed&cdngdizy faugduraidsy tofd fenseanphiftens ceauphednt bit

lines. Each fuse barl lﬁg@iﬂ@rafﬁsgeys.ofﬂjﬁtpaﬂli%ﬁ{%m ip Fig. 8 as

el ements 12A, 12B
Is detected during

The bit fedundancy works as en a bad bit

fadifenantinlssignad fr a ey iramitydal grratebi t

l'ine (having the samhagenreyid first magnitude therefrom to read

39.

40.

41.

respective ones of said redundant cells.

The memory chip as recited in claim 38, wherein
said word lines of said second array of redundant
cells are coupled to each of said bit lines (BL).

The memory chip as recited in claim 39, wherein
said second array of redundant cells comprise a
twin cell array.

In a memory that supports a plurality of
operational modes, the memory having a first
plurality of inputs for receiving a respective
plurality of external control signals, and a
second plurality of address inputs for receiving
first address signals that normally indicate the
address of a given memory cell to be accessed, a
method of setting the operational mode for a
given memory access cycle, comprising:

receiving at least one of said plurality of
external control signals during a given memory
access cycle, and determining therefrom a time
period during said given memory access cycle when
said second plurality of address inputs will not
receive said first address signals,

accessing said second plurality of address inputs
during said time period to receilve second address
signals that indicate that the memory is to be

R Ill{l_IHIl[ |
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| ocation on the sane side of the sane block) wll be pro%ranne

replace thee bad bit line. In the prior art, this is dﬁgiﬁiﬁ
bl he

fuses to replicate the address of the bad bit line. In
address of the bit line to be replaced. The fuse bank is hard mnred to

.7%Tﬁ%0the

invention, the identity of the programed gfguse bank its

receive - 26 - the bit address signals. Wen the received bltladdresé
signals are at the &gb%tt%a I:.@gbelesw eaid R uselachedf WRhavidmar ead
out. The logic state |nto the fuses indicates the address of jhe PDL

to which the bad bi FAf u§l&9uﬁlaé'§ MNIEE MFRCTHHAE Gt & orf o s for

every cycle, whether or not t he desi gnated
decoding said second address signals to set the
memory to said one of said plurality of
operational modes for said given memory cycle.

42. The method as recited in claim 41, wherein the
memory can be operated in more than one
operational mode at a time.

43. The method as recited in claim 41, wherein the
plurality of external control signals include
write enable (WE), control enable (CE), and row
enable (RE) signals.

44. The method as recited in claim 43, wherein said
time period when said second plurality of address
inputs will not receive said first address
signals is indicated when CE and WE are low when
RE changes from high to low.

45. The method as recited in claim 41, wherein the
memory further comprises an on-chip ECC block
{30) that provides a multi-bit error correction
word to an on-chip buffer, wherein said step of
decoding said second address signals further
comprises providing a control signal to said
on-chip buffer.
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bit line is bad. In the case where the designated bit line is not bad, the
appl i cabl e fuse bank will be unprogrammed. As shown in Fig. 8, when the
received address is for the bad bit line, the states oﬂnﬁhmmi &ﬁkﬁ
applicable fuse bay are transmtted over eight out put I|§E bi t
15

redundancy predecoders 16A, 16B, which cen®ért ei ght fus
predecoded out put signals for decoding by the bit redundancy steerlng

bl ocks I0A, 10B. Fig. 9 is a detailed block diagram of steering bl ocks 10A,
| 0B. Each steering block features tWBs&t ¥ & Ad€ Ttoders. A first decoder

| 10A, 11 0B for each bl ock 10A, |1 OB provides a 1/8 decode, and a second set
of decoders 112A, 112B for each block 10A, |10B perforns a 1/ 16 decode. In
the second set dfDR&Moharinghepcschi® ESE i(AQ)vRddalodc Ridr $nde Wprdi12A1,

112A2, etc.) ongeh@hqagach) ERht hROECLERROGRES mMiz@ A K HuHIML itHe four
on-chip ECC. The bit line redundancy features a
switching network that provides an any-for-any
substitution for the bit lines in the associated
memory array. The word line redundancy is provided in
a separate array section (20), and has been optimized
to maximize signal while reducing soft errors. The
array stores data in the form of error correction
words (ECWs) on each word line. A first set of data
lines (formed in a zig-zag pattern to minimize unequal
capacitive loading on the underlying bit lines) are
coupled to read out an ECW as well as the redundant
bit lines. ‘A second set of data lines receive the ECW
as corrected by bit line redunaancy, and a third set
of data lines receive the ECW as corrected by the word
line redundancy. The third set of data lines are
coupled to the ECC block, which corrects errors
encountered in the ECW. The ECC circuitry (30) is
optimized to reduce the access delays introduced by
carrying out on-chip error correction. The ECC block
(30) provides both the corrected data bits and the
check bits to an SRAM (40). Thus, the check bits can
be externally accessed, improving testability of the
memory chip. At the same time, having a set of
interrelated bits in the SRAM (40) improves access
performance when using multi-bit access modes, which
compensates for whatever access delays are introduced
by the ECC. To maximize the efficiency of switching
from mode to mode, the modes are set as a function of
received address signals. '



groups of. 18 gach, one group of 17 and three groups of 16 each. The first
decoder,: II.0KR "recei ves six of the fifteen decoded signals fromthe
predecoder 16A to decode which of the eight groups of decoders 112A are to
be addressed. The decoders 112A within the sel ected group receive

conbi nations of all 15 decoded addrgss signals from predecoder 16A, to

sel ect one of the predecoders (of the 137) such that it falls in the

correct group. If a given predecoder is selected, it will turn on to
di sconnect the applicable MDL fromthe selected PDL, and will substitute
the redundant PDL in - 27 - its place. Thus the bit |ine redundancy of
the invention can replaee—aRry—bit——atmA—the—atray—yi t h
! E
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a mni mum of oyerhead and access delay, by sinply switching a redundant PDL
for the PbL coupled to the faulty bit i ne. One of the decoders 112A1 is
shown in detail in Fig. 10. The bl ock | abel ed DEC provi des the decode
function previously described. Wen the output of DEC is high (indicating
t hat decoder 112A1 has been selected), the redundant PDL (RPDL) is to be
coupled to MDL. Thus, when DEC is highsthe transistors TTNL and TTP1l turn
on, passing RPDL to the MDL input. If DECis |ow, redundancy is not

i nvoked, and TTN1 and TTPl1 stay off while TTN2 and TTP2 turn on, coupling
PDL to the MDL input. Wth the bit redundancy system as descri bed above,
the 137 MDLs pass through the W# d redundancy&8ystem 20 prior to being
inputted to the ECC 30. | now be descrlbed

4
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to Figs. 11-13. The word redundancy array 20 consists of 24 WLs by 1096
B/L pairs’ that' operate independently of the DRAM array. The array ,
incorporates a twin cell architecture that stores both true and conpl ement
data. The small size Of the array nakes the added cost for twin cell area
smal | conpared to the support circuitry. By form ng the redundant word |ine
array in an area of the chip renmoved /f'Pom t he main menory array,

reliability is inproved because the redundant arrays will be nore immune to
pattern defects, etc. occurring in the nenory array. This is especially
| mportant for - 28 - use with an ECC system because use of ECC
i ncreases R ET-
| ]
7 74
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the relative inpact of word redundancy havi ng poor yield. Mreover, because
t he redundant "word lines .are not formed in a particul ar segnent of the
guadrant, they can replace any failing word line in the quad- rant. Another
aspect of the word redundancy system that has been optim zed for use with
on-chip ECCis the use of a twin-cell array. As shown in Fig. 11, each
redundant word line RALO, RW.1 is co F@d to a nenory cell on each bit

| ine. Thus, each word line is coupled to nmenory cells storing both high and
| ow states. When a given word line is selected, it turns on to set the
respective bit lines at these high, |ow values. Note that this is different
fromthe main nenory array, wherein dunmy cells are used to establish a

conpari son voltage. Because the twin cell layout provides a full "1" and a
full "0" to the sense anplifier, the chances
EQ 71P
</
@ g
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— i BSG
B VL w5
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that the senge anp wi |l sense the respective states incorrectly are

m nimzéd. At*the same time, because full logic levels are presented for
sensing, it takes less tine for the sense anp to set; at the sane tineg,
because the array is only 24 WL deep, the bit lines are extrenely small
providing a high bit line transfer ratio that even further enhances the
sensing operation. Qther than the featuressgigscussed above, the specific
manner in which the redundant word |line array operates is akin to
conventional arrangenments. As shown in Fig. 12, the address of a defective
word line (WL) is stored in one of 24 fuse bays 22A, 22B that is dedicated
to a WL in the redundant array. rThe fuse bayg 22 detg[nlnenlf the WL

bei ng addressed in the 7 BRGL :
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- 29 - menory array should be replaced. This is done by conparing the row
address with the address stored in one of the the fuse bays 22A, 22B. |f

t he addresses match,the redundant WL is used to replace the WL sel ected
in-the main array, any of the fuse bays 22A, 22B can be progranmed such
that the correspondi ng redundant WL can replace any of the 4096 WLs in

t he quadrant. Subsequently, during the CAS cycle the sane bit |ine.decode
is carried out as in the nenory arrays, to select one of the bit lines

wi thin the redundancy array. As a function of this decode, signal BS rises
coupling the 137 bit lines fromthe word redundancy array to the inputs to

the data line DL inputs to ECC 30. ‘A switching network akin tog@n@@}tch
shown -in Fig. 10 for bit |ine redundancy '
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substitution gould be used to switch the DL inputs between the MDL outputs
and the Bit |i'nes of the redundancy array. The switch can be controlled by
an auxiliary signal that indicates whether or not a redundant word |ine has
been activated. In the invention, the conbination of optimzed redun- dant
circuits and on-chip error correcting,code circuits leads to a
_fault-tolerance synergism This syne?@#§n1results because the redundant
circuits are used to circunvent the major limtation to the use of error
correcting codes, which is the occurrence of nore than one failing bit in
an ECW such that the odd-wei ght DED/ SEC code cannot correct the ECW One
of the ways to circunvent thi roblemis to ilize interdigitated bit

- lines, wherein adjacent bit lipes/cells are éﬂgnents of different ECW

(thus, if adjacent by lls fail, they ingl e
l . i
l t l
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errors in different ECC words, rather than a double error in one). In the

i nvention, eidght adjacent bit - 30 - line pairs/cells along a word.line
correspond to different ECW. Cal cul ations of the probability of nore than
one fault occurring in these 137 - bit ECW indicate that with 428 randomy
failing cells in a 16 Mit nenory,,4here is a better. than 50% chance that
two such failing cells will not occur in the sane error correcting code
word of 137 bits, and thus the chip can be corrected with ECC al one. The
yield associated with all these defects would therefore be nore than 50%
Nevert hel ess, when there are 1000 randomy failing cells on a chip, the
chance for 128
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nonal i gnnent of cells in any error correcting code word is |ess than 2%

t hus representlng a 2% yvyield.

correction affects only a single failing bit

word. Any additional

wi th redundancy or else the chip w l$/f5il

tol erance of a chip with error correction,

first step in achieving this is by the use of the bit
wherein two bl ocks within each quadrant have their own
| ines that can substitute any defective bit therein.
t heoret i cal
ically by this use of the redundant

t he i nvention,
redundant bit
conmput er simul ati
the ECC incre
the invention

In the chip described here,
in an error correcting code
faults in an error correcting code word nust be fixed
In order to optimze the fault
it

the error

I S necessary to replace the
multiple faults in an error correcting code word in a systematic way. The

cal cul ations,

the

faul t]
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As shown i.n Figse 13, without the use of the error correcting code circuits,
(i.e. using redundant bit lines only), an average of 28 randomly failing
single cells per chip would result in an expected yield of 50%for a 16M
chip. Using the error correcting code circuits only, with no bit line
redundancy, results in - 31 - a 50%yield for an average of 428 random
single cell failures per chip, as previitdl¥ty descri bed. Conbi ned use of the
bit line redundancy of the invention and error correcting code produces a
50% yield at an average of 2725 randomy failing single cells per chip. It
was al so found theoretically that the fault t°|e£ﬁﬂﬁ? i ncrease depended
sharply on the nunber of g
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redundant bit [ines per segnent. Hence, while two redundant bit |ines per
segment S given by way of exanple, as a practical matter nore lines could
be added to increase the reliability results. In the invention two
redundant bit |ines were used because even greater fault tolerance

optim zation could be achieved by the use of the redundant word |ine
techni ques of the invention. As described abbwe, the chip is divided in
four quad- rants, each having a separate array of 24 redundant word |i nes.
Thus, a given redundant word |ine can replace eight error correcting code
words if they contain nultiple defects, and can do it nore reliably (i.e.
with | ess of a chance of providing new ECW that incorporate dpuble errors)
due to the use of a separate-array and the use of the twin cell word |ine

technique. It is thig capability that gives the word
MAIH ARRAY
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| ine redundancy even nore of a synergistic effect than the bit |ine
redundancy. Thi's is caused by the elim- nation of multiple fault
alignnents on the word lines. The resulting yields are shown in the third
curve of Fig. 13. The results are affected by the yield of the redundant
word lines. If the yield of the redundant word lines is assuned to be the
sane as that of the regular word lines, the 50%vyield point occurs at an
average of 4016 randomsingle cell fa}yres. However, in this chip the
redundant word lines use a twin cell - 32 - technology in a separate
array to make themless sensitive to defects than the regular word |ines.
Assum ng 100% yield for these redundant lines results
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in a 50%yield point at an average of 5661 randomsingle cell failures per
chip. Thus, the use of both bit line and word Iine redundancy optim zed for
on-chip ECC results in a 50%yield point nore than a nmagni tude greater than
the 50% yield point achieved by ECC alone. As a practical matter, this
greatly enhances yields early in the;pfgoduction cycle when functional parts
are needed nost, while also enhancing the field-fail inmmunity of the chip.
G ven the conpl exity/ expense of the manufacturing processes of these chips,
this increase in yield/reliability is of vital inportance. Once the data
bits are corrected by the ECC 30, the corrected ECWis passed to the SRAM
40. The SRAMis a 1 x 144 bit datg register, wherein each SRAMcell is a
conventional 4-device cross-coupl éd |atch, (40A in Fig. 14). As shown in
Fig. 14, the logic state stored
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by the SRAM cel|l can be set fromtwo different sources: fromoff-chip (via
WDC and WDT) or  fromthe ECC outputs (via SRT and SRC). Moreover, the cell
can provide data to two destinations: either the ECC (via output CA and TA)
or the output pins (via output SRO. The SRAM cells are broken up into two
groups of 72 cells, As shown in Fig,,s3, a decoder 84 determ nes which of
the 72 cells in each group are to be accessed when reading/witing data
fromto to the output pins (in Fig. 14, the decode during the wite cycle
is DECW during the read cycle, DECR and DECR ). Wile the SRAMis used

principally as a neansai—ateessing—ECWT—rt—proviges——aaget i onal advant ages
t hat - 33 - fr— i =
‘;{. o~ o ——=
e — s
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can be

Anot her operation node that can
During a

static colum node, and the
node.

IS a page clear

SR

pad. This data is then witten back to the array wherein the address at RE:

time

wite cycle the entire SRAMis witten to the data state present at the 1/0

Because 178 data bits are available in menory adj acent to the output pins,

serve to | essgn the access/area penalties of the on-chip ECC system
mul ti-bit output nodes such as page node,

access node described in the aforenentioned 4, 845, 664 | BM pat ent,

carried out at extrenmely high data

be acconplished with the aid of an
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read cycle s perforned the data fromthe array is~fetched: tothe: #$Mﬂanfh
th egl r REP2@QH? SHEHES ar e Sonpared to each othgr o husl of f éri"ng g ng S5

O

r etlucHodesimpitoestpagédre.... Thpageis..f.o only one quadrap -of %Hé chiy “(4Nb‘?*“d -----
The t BEftCitinr® r edugtd on. topageheschilp is 128 x 4 or X BIoX T edubty dn:” WE‘PF”dﬂ
r ef er BNcer.bcF) 9. paged 1.he 16lpdgad |.L.Q.BI ock 40T imcl udes, a ratéfcontr gl-+ety poved ..
off-c pudrhmer { #.had pspport s the fast data! i Xt es’ re&ulfiﬁg*ﬁFdﬁlphEd.:.
operabgg? mndea- ﬁﬁussed above A the sane time,| the OCD shoul d have a

st Jed rediIRi r}ug from the large nsitser

of different data wiring nets used on menory cards. Wiile~ any‘CCD aes1gna
t hat possess the fore attributes could be util her e
preferred to use thé %ag‘é’s‘f AP ﬁ“%‘%ryl:{af&ﬂ} Af)%??]é]aﬂ'%% S.N.
419, 341, entitled "Gwaidial&ﬁy o raxrdys df Inesihdxy k8#B0s byomprising
a plurality of word lines (WL), a plurality of
bit lines (BL), and a plurality of redundant bit
lines, switching means for substituting any one
of said plurality of redundant bit lines for any
one of said plurality of bit lines in said
plurality of arrays, a separate array of
redundant word lines (RWL)}, address means for
accessing an X-bit error correction word
comprising data bits and check bits from said
array of memory cells or said array of redundant
word lines, error correction circuitry (30)
coupled to said plurality of word lines (WL),
said plurality of bit lines (BL), said plurality
of redundant bit lines, and said separate array
of redundant word lines (RWL), for reading said
accessed error correction word therefrom and
correcting any faulty data bits therein, and
_output means for providing said data bits as
corrected by sald error correction circuitry for
_external read-out.

2. The memory as recited in claim 1, further
comprising a first plurality X+N of data lines,
wherein a first group X of said first plurality
of data lines are selectively coupled to said
plurality of bit lines, and wherein a second
group N of said first plurality of data lines are
selectively coupled to said plurality of
redundant bit lines.

——
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- 34 - Drake et al and assigned to IBM While the operational nDdes

di scussed above can be set using conventional neans, in the i eﬂlé!‘ﬁe)éHE T
are set electronically, such that a single silicon part nunbef siEpd E

mul tiple operational nodes. The chip powers up in a default dependlng
on the package it is placed in, and can D f% into any ot her 25sSEP 1996
operational nodes, that is toggle fast page, static columm, [byi sinply

nmoni toring the faddregs e. activ fore_RE OCCUTS.
Note that this ?eature perm V%% CLEJer&g Jcrhlc?){?ld“b% g‘érrgt? | in nore than

one node (to the extRPMPELFARG i d|2ecenq). pb&mlntxcd[m dade himlesl ear page)
at the sane tine. Mdde address

4. The memory as recited in claim 3, wherein said
first group X of said first plurality of data
lines are coupled to respective ocnes of said
second plurality of data lines by said switching
means, and wherein said switching means couples
one of said second group N of said first
plurality of data lines to a respective one of
said second plurality of data lines if a
respective one of said first group X of said
first data lines is coupled to a faulty bit line.

5. The memory as recited in claim 4, further
comprising a second switching means for coupling
bit lines of said separate redundant word line
array (20) to respective ones of said second
plurality of data lines when said word line
addressed by said addressiﬂg means is faulty.

6. The memory as recited in claim 2, wherein said
plurality of word lines (WL) are disposed in a
first direction, said plurality of bit lines (BL)
are disposed above said plurality of word lines
in a second direction substantially orthogonal to
said first direction, and said first plurality of
data lines are disposed above said plurality of
bit lines in said second orthogonal direction,
wherein said first plurality of data lines are
disposed in a zid—zag pattern relative to said
plurality of bit lines to minimize the capacitive
coupling thereto.
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decoders nonitor the address signals, and a particular o ‘
selected if a respective nobde address decoder receives t e%BMQEMth%EES

The activated decoder will provide a control signal to tHe{data T7O and

40C of Fig. 3 to control its operation as_a function of tihg
operational node. This electrical programd®ng of the ope aqigﬁgﬁﬂggggm%p

not adversely inpact chip size, power or perfornance This

cost and time savings due to the fac{ only one c¢hi
desi gned, char Act er TP8dTCRARYT aEt Hredted: sRkE421Re teH e

totally tested for a}:koﬁat:bﬁfécﬁﬂﬁﬁlbir‘thiﬁﬁyoéoﬁxbﬁléésasi ptm@alll&yt he vast
mejority of test tlng g only a sh0£ te? %g gﬁébé ratlonal nodes
since these nodes aft BHP r?ﬁﬁlge?ﬁﬁf Phtef 8 ad§ oathe static
register. In sumargyndréf@\baschBlctouplédstbesaidepturbddty of
syndrome generators (30S1-30S9) for receiving
respective syndrome bits therefrom.

D

8. The memory as recited in claim 7, wherein said
error correction circuitry (30) is comprised of
differential cascode voltage switch XOR logic
gates.

9. The memory as recited in claim 7, wherein each of
said plurality of syndrome generators (30S1-30S9)
are coupled to different sets of said second
plurality of data lines.

10. The memory as recited in claim 9, wherein during
a writeback cycle respective parity bits are
generated and stored as check bits of said error

correction word.

11. The memory as recited in claim 10, wherein said
plurality of syndrome generators (3051-30S9)
compare said stored check bits of said error
correction word with respective check bits
generated by said plurality of syndrome
generators for said data bits of said error
correction word during a fetch cycle, to generate
respective syndrome bits.

12. The memory as recited in claim 11, further com-
Prising means coupled to said plurality of
syndrome generators (30S1-30S9) for determining
which of said data bits of said error correction

AR O 0 A Thsl\l\\\lll\fﬁﬁ\i\ﬁl\d




wherein both bit Iine and word |ine redundancy have been '

support on-chip ECC. Wiile the optim zation of these red 9

moti vated by on-chip ECC, in practice either one or both

could provide the same general advantages in supporting V%Sis!’ﬁ '3
Ximze

e word line

system | evel ECC. The word |ine redundandg of the invent
differential signal by use of a twn cell technique; as
any ot her neans of driving the respective bit lines of t
redundancy system WerduRrer 4n eggoant idads meaiisd figx dgwer Ng SRAM

cells. Mreover, wWlighia @atkheiikaventi on a SEC/ DED odd- melght Hamm ng code
was specified, any

13. The memory as recited in claim 12, wherein said
determining means is comprised of a plurality of
differential cascode voltage switch XOR gates.

14. The memory as recited in claim 1, wherein said
memory is formed on a rectangular chip having
four sides, and wherein said error correction
circuitry (30) is disposed on a substantially
rectangular portion of said substrate that
extends to two of said four sides of said
rectangular chip, said substantially rectangular
portion of said substrate having no other
substantial circuitry associated therewith.

15. The memory as recited in claim 1, wherein said
output means comprises a buffer that stores both
of said data bits and said check bits of said
error correction word.

16. The memory as recited in claim 15, wherein said
output means further comprises means for
addressing at least one of said data bits stored -
in said buffer, and at least one I/O means for
receiving said at least one of said data bits for
data transmission.

17. An architecture for at least part of an
integrated circuit chip, comprising:

an array of memory cells disposed on a first portion of
the chip (100), comprising a plurality of word
lines, a plurality of bit llnes, a first

e — . This Sheet Has B
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sort of error correction codi ng coul d be used. As previo SREPLACEMEMEGGIEEIHG
error recovery systemof the invention can be used to cofrECT fTor—both
initial hard fails, and either soft and hard fails subsefgu ngs¥s£é rring
in the field. However, it is possible that over tine th né q
the sem conductor process may reach a p0|ﬂﬁ where the yilel
hi gh enough so that the remaining bad bits can be flxed by the redundancy

syst em al one. Shoul d.t hi ccur,, i desirable to T vetire

ECC circuitry, and G4&F Fié WFWﬁrgyﬁﬁg A cPAEH; Pﬁyseé%g 1E8AM etc.) to
carry out ECC at thplayaﬂamyiafememwhyleeiﬂslbedhgacmm@geﬂhadﬂgﬁldata
rates and efficientfggpgckg % t geﬁfagggﬁd§QuQ¥1E% ng h@%d59¥%1§§'dent I n

the SRAM The archi ure o € I nven easy Feroval” of the
ECC bl ock. As shownamnd kpga ;esn@pﬂ:@@eh@neeeéhsaa;@ plurallty of bit

lines, a plurality of redundant bit lines, and a
second plurality of memory cells, each of said
second plurality of memory cells being coupled to
a respective one of said plurality of word lines
and a respective one of said plurality of
redundant bit lines;

switching means for substituting any one of said
plurality of redundant bit lines for any one of
said plurality of bit lines in said array of
memory cells;

an independent word line redundancy array (20)
disposed on a second portion of the chip (100)
spaced from said first portion;

an error detection and correction means (30)
coupled to said plurality of arrays of memory
cells and to said independent word line
redundancy array (20) for reading and/or writing
an error correction word compriéing a plurality
of data bits and a plurality of check bits
therefrom/thereto, respectively; and

a buffer for receiving from/sending to said error
detection and correction means (30) said
plurality of data bits and said plurality of
check bits.

L \\\\\@\\\1\ \\\\!\\\!\\ T
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bl ock, 30 for the respective quadrants is formed in an
where no other circuitry is fornmed; noreover, note that
are formed in a rectangular area of the chip that exte

side to the other 282 FF‘Eﬁ
conpletely renoved (and the MDL - 36 -420ut puts couplfed directly % tthe

SRAM i nputs) wi thout disturbing any of the other supporft ‘crrettt+ry—Fhiis
woul d provide a significant savings in chip real estat
cost. 18.

19.

20.

21.

22.

23.

SHPAACEMENICSHER Todk s

s Tromone 1T oMy

| ong side thereof. Thus, the ECC bl ogk

at m ni mum r edesifgn
The chip architecture of claim 17, wherein said

independent redundant word line array (20) is
comprised of twin cell redundant word lines.

The chip architecture of claim 17, whlerein said
plurality of arrays of memory cells, said
switching means, said independent word line
redundancy array (20), said error detection and
correction means (30), and said buffer are
disposed in a pipelined fashion along said
portion of said integrated circuit chip.

The chip architecture as recited in claim 17,
wherein said error detection and correction means
{30) generates said check bits in accordance with
a double error detect, single error correct error
correction code.

H
The chip architecture as recited in claim 20,
wherein said error detection and correction means
(30) comprises a plurality of DCVS XOR logic
gates.

The chip architecture as recited in claim 17,
wherein said buffer means further comprises means’
for selecting particular ones of said data bits
stored by said buffer means for output.

The chip architecture as recited in claim 22,
further comprising means decoding modé address
signals to set the operating mode of the part of
the integrated circuit chip.

o I —
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37 1. A menory, conprising: a first array of menory cel lfs pgay,
plurality of word lines, a first plurality of bit lines, an¢g-a
plurality of redundant bit lines; a first plurality of dafajlines;
swi t ching neans for coupling selected ones of said plural{ty &8

bit lines of said first array and sel ecte#i3ones of said plufality of bit
lines of said first array to said first plurality of datg |ines;
array of redungant nenory. cells conprising a second pl ur g 0
and a second pffiral 8§ SPiBi erehhkecturRrassraeaksdcobpréaimg 23
plurality of word |whesedh said datstbitsayref rargosMtcebl g /andatig said
second plurality of .,word |lines of said se ate array of redundgnt nenory
cells for accessinglanakgﬁp?eﬁr?5Fa€%+?%%$?%$ ford eéﬁﬁﬁF%Pﬂgmﬁaﬁa bits and
check bits from oneset bui saidrmddaraddressnmeignglsel | s and said separate
array of redundant nmenory cells; error correction circuitry coupled to said
first plurality of data lines and to said plurality of bit lines of said
separate array2df rEdhenchip arcobiyectlte,asoreckbbddngnsaildimcedssed X-bit
error correction wofloféom onea ObupAbe dédsl PLUGRALLYOAL 82! gakanes and

said separate array_o menory cells and correcting any faulty
data bits therein; At cRipst teacdnsIBupAdderingid Siver 86FEE8t| on
circuitry for provigy@gesaid data bits as said accessed X-bit error
correction word as corrected by said

26. The chip architecture as recited in claim 24,
wherein said buffer means pfovides two of said
data bits to two I/0 pads, respectively, during a
given access cycle.

27. The chip architecture as recited in claim 24,
wherein said buffer means provides two of said
data bit§ in a sequential fashion to an I/0 pad
during a given access cycle.

28. In a manufacturing process for forming wafers
having a plurality of memory chips (100) thereon,
each of the memory chips (100} comprising both a
number X of memory cells and a number Y of
redundant cells that can be substituted for
selected ones of said memory cells that are
faulty, and support circuitry for writing data
into and reading data out of the array of memory
cells, the process having a production cycle
associated therewith that is a function of the
number N of memory cells that are faulty after
production thereof, the improvement comprising
the steps of:

early in the production cycle, providing an error

This Sheet Has Been Rerlaced )
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error correction circuitry for external read-out. 2. The T SHEET
recited in claiml1, further conprising a second plurality )
havi ng X+N data |ines, wherein a first group X of said secpnfl plurality of
data lines are selectlvely coupled to said plurality of bi i 35 SEP W96d
first array, and wherein a second grotp48l of said second pjurality of dat
lines are selectively coupled to said plurality of redundant bit I'ines of

said first array. 3. The nenory.as recited in clai.m 2, ln.said first
group X of said seebrEcpieraredy oirauit blaeck éﬁ@)cégptba suppart fir st

plurality of datacijBesthy éﬁ' 8a8Mi hembPg ch1ﬁ9@ﬂ§0)a“9n&here' n said
swi tching nmeans coupl es,one of ;said second group of said second plurality

of data lines to B?lgﬁlﬁa%¢r%%rﬁﬁhFapi?QkonHH%é fpnaseaf thak of said

first group X of &rténgscenompbuéatidy f €Béambhmbey EBipOoHe! €HetO a faulty
one of said plural sai d neppry cells. 4.

The menory as rec?%é% ?nS%+é ﬁ?%gs?gFt%%Ylﬁéh%$§sgﬁéaé géﬁﬁﬁﬁtgﬁhtchlng
means for couplingsbotistedsthérewithsemadat e array of redundant nenory
cells to said error

later in the production cycle, when said number N

of faulty memory cells produced by said process

1s approximately the same as or less than the

number Y of redundant cells, deleting said error

correction code circuit block from memory chips

subsequently manufactured by the process.

28. A memory chip, comprising:

an array of memory cells interconnected by a
plurality of word lines §nd a first plurality of
bit 1lines,

a plurality of redundant bit lines,

means for simultaneously addressing a first
predetermined number of said first plurality of
bit lines so as to access .a multi-bit word, while
also simultaneously addressing a second
predetermined number of said plurality of
redundant bit lines,

a first plurality of data lines coupled to at
least said first predetermined number of said
first plurality of bit lines and to said second
predetermined number of said plurality of
redundant bit lines,

(T - i fl



correction means when a word line of said first array addr SBBﬂA@EMEﬁTQ%EﬁT

addressing neans is faulty. 5. The nmenory as recited in gl pror2—wher
said second plurality of data lines are di sposed above sai 2&$%|%y of
EPe1988i

bit lines of said first array of menory gglls in a zig-zag
to said plurality of bit lines of said’f st array of nengr ells to
mnimze capacitive coupling thereto. 6. The nenory as aecited in clarm
1,-wherein said error, cor ion. ¢ c rises B -
syndrone gener at or3, SER % %ﬁ%y t é%ﬁﬁ nNedrs ﬁa ﬁfﬁrshﬁﬁﬁ of
syndrome gener at oraré ctes®cef vsaidrsspendi phusghdtgnefbdasat hénekrom 7.
The nmenory as reci | e e ekl |rCU|try
is conprised of d|¢$ere &} %%%co%@ % +?afg£g&n#iﬁ£§§££?og%08§§§ .
The nmenory as reciliresn %m@Jn16 mhereln during a witeback cycle

respective parity bits are generated by said plurality of syndrone
generators and stored as check bits of said error correction word. 9. The

menory ‘as recited IS W BChip@ reeans of o pPUPAFLFYLERIsPRAr BFe generators

conpare said storeggpbrdesk P4ig Sbcond dpLEdOfefRInEG! heRbYRr 8f WshRd
respecti ve check blis

rality of redundant bit lines for any one or
more of said first predetermined number of said
first plurality of bit lines, and providing a
signal from said substituted redundant bit line
as a respective bit of said multi-bit word.

30. The memory chip as recited in claim 29, further
comprising:

a plurality of redundant word lines having a
second plurality of bit lines associated
therewith, !

a third plurality of data lines, and

second switching means for coupling said third
plurality of data lines to either respective ones
of said second plurality of data lines or
respective one of said second plurality of bit
lines if a selected one of said plurality of word
lines is faulty.

31. The memory chip as recited in claim 30, wherein
said plurality of redundant word lines are
disposed in a portion of the chip spaced from
said plurality of word lines.

I : Thﬁfiiiﬁ]iﬁlﬁﬂ?llﬁl!




REPLACEMENT SHEET generated by said plurality of syndrons JEH@N&%&%@'S%&ET
said d hits O correction word during a fetch cycle, tq denerate

respective syndronme bits. 10. The menory as recited in cljaiim28 $EPt1994
conprising nmeans coupled to said plurality of syndrone ggndgrators for
determ ni ng which of said data bits of-s&bd-error correct|i grrword—are—
error, and neans for inverting one of said data bits. 11 The nenory as
recited in claim 10, wherein said determning nmeans is conprised of a
plurality of ¥ifecFbatnehornschip #9| regbtedi inhckORngdfesfutfherThe menory
as recited in clajg3%%I %EIH said nenory is forned on a rectangul ar
portion of a sem conductor chip, said rectangular portion having two |ong
sides, and wherein said error correction circuitry is disposed on an area

of said sem Condu%@énﬁhlﬁ)oih@éuﬁré&“é’é @&id\eﬁ’ﬂlf@'ﬁlﬁi‘@ﬂ Josi des of said

rect angul ar port| ai d sem condugct or chi sai sa
sem conduct or chi p“f Eﬁlibnﬁ% PhePTeY+ERY 1§ éé@%k?%l% ?h%FERFth. 13. The

menory-as recited ¢neckﬁng1dndw@@fﬁéétfﬁqCEﬁmﬁtlﬁnnEamﬁ sopnffees a buffer
coupled said means for providing a Hamming code

SO (

error checking and correcting function for
storing both data bits and check bits generated
therefrom.

33. The memory chip as recited in claim 30, wherein
said first plurality of data lines, said first
switching means, said second plurality of data
lines, said second switching means, and said
third plurality of data lines are arranged in a
pipelined fashion on the chip.

34. The memory chip as recited in claim 33, wherein
said means (30) for providing a Hamming code
error checking and correcting function and said
buffer are arranged in a pipelined fashion on the
chip.

35. The memory chip as recited in c¢laim 33, wherein
said pluralify of word lines (WL) are disposed in
a first direction, and plurality of bit lines
(BL) are disposed in a second direction, and said
first plurality of data lines are disposed in a
zig-zag pattern over said plurality of bit lines
in said second direction, so as to minimize
capacitive coupling between said data lines and
said bit lines.

AR Thlllsl}iielllilllﬂmfillid



that stores both of said data bits and said check b
correction word. 14. The nenory as recited’in claim
nmeans further conprises neans for addressing at | eag
stored in said buffer, and at |east one I/ 0O neans f(
| east one of said data bits for data trangm ssion. 1
at least part of an integrated circuit chip, conprig

cells disposed on a first portion of the integrated

G t—Sa-a—er
1 BEPUACEMENT SHEET

t
r
5.

i1
ci

STV TS, T s ey e oo e e T
rali of menor .
Be?ng coﬁpled to o%%f§¥a§%F§a§$kééW$$$ %ﬁiig ﬁﬁ#%£$?hééc§ﬁ8nﬁgné%ecgf :

plurality of bit |ipksrabipyuehlwoydolinesudispobed innasfiastl a second

78S,

réuit chi p,

plurality of ”E”Drydf%ééiong"c%&f f?%@g?fggfgof!ﬂié' .ﬂ}éegf dﬁ?%&dce' |

bei ng coupled to one sal

plura

I Nés an

oné of said

plurality of redundayerbfaidipberableyref weidalingsofWhat &n Rnes;
swi tchi ng means fors&ashd | dorsot 61 eshivdesnefa oy doPtHbgbhhy €6 kgdyndant

bit |lines

first direction, a plurality of data lines

disposed in a zig-zag pattern over said plurality

of bit lines in said second direction, so as to

minimize capacitive coupling between said data

lines and said bit lines.

37. The memory array as recited in claim 36, wherein

each of said plurality of word lines stores a
multi-bit word, and wherein the number of said
plurality of data lines is approximately
equivalent to the number of bits in said

multi-bit word.

38. A memory chip, comprising

a first array of memory cells disposed on a first

portion of said chip, said memory cells being

interconnected by a plurality of bit lines and a
plurality of word lines, said array including a -

plurality of sense amplifiers coupled to said
'plurality of bit lines to sense a differential
signal of a first magnitude therefrom to read
respective ones of said memory cells,

a second array of redundant cells disposed on a

second portion of said chip spaced from said
first portion thereof, said redundant cells being

interconnected by a plurality of bit lines and a

plurality of word lines, said second array

T\!l\llj T
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and said plurality of bit lines to said first plurality gFdatati T
I ndependent word |ine redundancy array di sposed on a seconﬁﬁﬂ@@gmgﬁFéwEghe
integrated circuit chip spaced fromsaid first portion, gaid I ndependent
word |ine redundancy array having a plurality of word |ine$ 2% SEPhegeal |t
of bit lines; an error detection and cerggcti on neans coypled to said fifs
plurality of data lines and to said plurality of bit |ings of—sard
i ndependent word |ine redundancy array for reading and coérrecting an error
Cﬁrrﬁcgion morg cohn?laﬁmggaaFbmnﬁhliyyOéfdaéﬁshihmpamﬁiarpgubébaﬁﬂ of
chec its; and a c . id.ertor detection and correction
nmeans for tenporar?#yggggr§#§r§gfé9e$$ogl§o;$%%gigﬁ %8?5? 6. The

i ntegrated circuitdthfpranthalesignal obfcaaberesd magnétudeagertdependent
redundant word lin ray;hs ri . pf | edun word |ines.
17. The integratedggéécﬁgfacﬁ?gggr%ﬁ?ﬁ%g%%%gtg?fgkg?ﬁ1gé,gaggrein sai d
plurality of arrayscsPefbrvpeyores|af said sofeefdmny @eAA5: said i ndependent
word |ine redundancy array, said error detection and correction neans, and
sai d buffer a§§ di sposed in a pjpelined fas&ion on saig integrated circuit
chip. 18. The ntéggﬁt%ﬁm%¥¥cﬁ'% A preFihefetBurdad® P8¢i YBETRADCI ai m 15,

wherein said errorsaid word lines of said second array of redundant
cells are coupled to each of said bit lines (BL}.

——e

40. The memory chip as recited in claim 39, wherein
said second array of redundant cells comprise a
twin cell array.

41. In a memory that supports a plurality of
operational modes, the memory having a first
plurality of inputs for receiving a respective
plurality of external control signals, and a
second plurality of address inputs for receiving
first address signals that normally indicate the
address of a given memory cell to be atcessed, a
method of setting the operational mode for a
given memory access cycle, comprising:

receiving at least one of said plurality of
external control signals during a given memory
access cycle, and determining therefrom a time
period during said given memory access cycle when
said second plurality of address inputs will not
receive said first address signals,

accessing said second plurality of address inputs
during said time period to receive second address
signals.that_indicate that the memory is to be

heet Has Been Reﬁaced
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detection and correction neans generates said check bits in
a double error detect, single error correct error correction fc de.

said error detection and correction conpigses a plurality of
gates. 20. The integrated circuit chip archltecture as recite¢d 1n crarmi5—Jd
wherein said buffer further conprises output nmeans for selecting at | east
some of said pl urabpbfa%ddihaowet %fS%a&adpahraqlﬂyb%fff Sperat =3 Tﬂﬁ
|ntegrated circuit CHE% grc hitectyre as recited in"claim?20, fur

conpri si ng decodi nf§ nSUFIRIySasdi A4 VRPIBRIATe S6CEEGn VS 1o $0d an

operating node of the integrated circuit chip. 22. The |ntegrated C|rcrit
chip architecture ed_i.n claim.21,. wherein sa pu ans sel ects
said data bits in ggﬁgﬁgéb géﬁngFSHEG AYdESFE &é@B&ﬁﬁg% 5&% . The

i ntegrated circui tmehopyatohsaedt one af samdtpduralikglmfzz wherei n said
buffer sends one ngé?hQigﬁﬁﬁ Rbhastgognsgé8>8§9egu E&gr% yc g access

cycle. ’

42. The method as recited in claim 41, wherein the
memory can be operated in more than one
operational mode at a time.

43. The method as recited in claim 41, wherein the
plurality of external control signals include
write enable (WE), control enable (CE), and row
enable (RE) signals.

44. The method as recited in claim 43, wherein said
time period when said second plurality of address
inputs will not receive said first address
signals is indicated when CE and WE are low when
RE changes from high to low.

45. The method as recited in claim 41, wherein the
memory further comprises an on-chip ECC block
(30) that provides a multi-bit error correction
word to an on-chip buffer, wherein said step of
decoding said second address signals further
comprises providing a control signal to said
on-chip buffer.

UL T P
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24: The integrated circuit chip architecture as recited in claim 22,
wherein said buffer sends two of said data bits to two |I/0O pads,
respectively, during a given access cycle. 25. The integrated circuit chip

ar chfT in claim?22, whereinsgaid buffer sends two of said
dat a “ﬁiﬂﬁﬁwgh%§§gghtial fashion to an 1/0O pad during a given access
cycm In a man facturing process for formng wafers having a plurality
.of nen

o Drw“’?merﬁc F BT R B O RGP P Amigiepe "™
of{ nenory cell's and ja nunber redu S

succes by the manuf %urln rocess have an average nunber
N of}faul ty menmory celfls, and su%ﬁ r‘GtNP RFDWNDAN@Yng data into and

readi ng data out of the nenDry chip, the inprovement conprising the steps
of: formng an error correction code circuit block in the support circuitry
of each ne S@Rﬁﬁfﬂhen sai d average number N of faulty menmory cells in
waf ers successively formed by said manufacturing process is greater than

sai d nunber X oRaMedsvdai ipldisip EcC (30) and both bit and word
redundancy that have been dptimized to support the
on-chip ECC. The bit line redundancy features a
switching network that provides an any-for-any
substitution for the bit lines in the associated
memory array. The word line redundancy is provided in
a separate array section (20), and has been optimized
to  maximize signal while reducing soft errors. The
array stores data in the form of error correction
words (ECWs) on each word line. A first set of data
lines {(formed in a zig-zag pattern to minimize unequal
capacitive loading on the underlying bit lines) are
coupled to read out an ECW as well as the redundant
bit lines. A second set of data llnes receive the ECW
as corrected by bit line redundancy, and a third set
of data lines receive the ECW as corrected by the word
line redundancy. The third set of data lines are
coupled to the ECC block, which corrects errors
encountered in the ECW. The ECC circuitry (30} is
optimized to reduce the access delays introduced by
carrying out on-chip error correction. The ECC block
{30) provides both the corrected data bits and the
check bits to an SRAM (40). Thus, the check bits can
be externally accessed, improving testability of the
memory chip. At the same time, having a set of
interrelated bits in the SRaM (40) improves access
performance when using multi-bit access modes, which
compensates for whatever access delays are introduced
by the ECC. To maximize the efficiency of switching
from mode to mode, the modes are set as a function of

—_—
————

received address signals. : —_—— e
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and when said average nunber N of faulty nmenory cells in wafers
successively fornmed by said manufacturing process is equal to or less than
the nunber Y of redundant cells, formng the wafers w thout formng said

error correction code circuit block in the suppor """CT“;E&;}L]IM Mi@,ﬁ, AL A HETOEY |
chip. 27. A nenory chip, conprising: an array of oLy ¢ .“ ,d o peged ..

i nterconnected by a plurality of word lines, a flys]g pl. ura}llt ‘ildgdtm pa?ed#s

l'i nes, andpérf@inkingt iof Yneplory @HipR e iR oddcﬂ&§v01 I .
plurality of word |ines, srgu gj% ur al |F’§/ of bit 3 aﬁd é d’“b‘t raltﬁ’t‘ Pj

redundant bit lines for sinultaneously addressi ngv first- pred‘e‘t

nunber X of said first plurality of bit lines so ps to access an X-b|t

error correction word, while also sinultaneously hddhessingRaC %H(:onél*l‘ll‘li v
predet erm ned nunber N of said plurality of redundani"bit Tines, a first"

set of X+N data |ines coupl eSUNEWARY THE, INVENBHONr edet er ni ned number X

of said first plurality of bit lines and to said second predeterm ned

nunber N of said plurality of redundant bit |ines, a second set of X data

lines, and According to one aspect of the invention there is disclosed a memory, comprising:

a first array of memory cells having a first plurality of word lines, a first plurality of bit
lines, and a first plurality of redundant bit lines; a first plurality of data lines; switching
means for coupling selected ones of said plurality of redundant bit lines of said first
array and selected ones of said plurality of bit lines of said first array to said first
plurality of data lines; a separate array of redundant memory cells comprising a second
plurality of word lines and a second plurality of bit lines; address means coupled to said
first plurality of word lines of said first array of memory cells and to said second
plurality of word lines of said separate array of redundant memory cells for accessing an
X-bit error correction word comprising data bits and check bits from one of said first
array of memory cells and said separate array of redundant memory cells; error
correction circuitry coupled to said first plurality of data lines and to said plurality of bit
lines of said separate array of redundant memory cells, for reading said accessed X-bit
error correction word from one of said first plurality of data lines and said separate array
of redundant memory cells and correcting any faulty data bits therein; and output means
coupled to said error correction circuitry for providing said data bits as said accessed X-
.bit error correction word as corrected by said error correction circuitry for external read-

out.

Accordmg to another aspect of the invention there is disclosed an architecture for
at least part of an mtegrated circuit chip, comprising: an array of memory cells disposed
on a first portion of the -inﬁegrated circuit chip, comprising a plurality of word lines, a

plurality of bit lines, a first plurality of memory cells, each of said first plurality of




first swtching nmeans for selectively coupling said first set of X+N data
lines to said second set of X data lines, so that signals originating from
one or nore of said second predeterm ned nunber N of said plurality of
redundant bit lines are sent to said GEPLACEMENT SHEET second set of X
data lines in place of signals originating fromany one or nore of said
first predeterm ned nunber X of said first plurality of bit lines that are
faul ty. 28nembry pellsobging lvopplad to amiet afdsaiich phiralityn of 7wofdulihdsesnd anpne of r3gid a
plurality of redundant word |ines having a second plurality of bit |ines
associ at ecplutaliteof b lings copluraity of nedugdans ditditesyandp secord pbirality mfteemonypl ed
to both of said second set of X+N data lines and to said second plurality
of bit |irfels.saghef said sseond plprality phmemprieshstbeingrounled de one ofisaid plurakityr or
correcti on wor .,romone of _saj.d second _set of N data _|lines and said
second pl ffa¥P I‘B?s #q opg H§§a’@oplé‘5ﬁi’ﬂy §§tre‘i5'f"‘dﬁ‘§§ﬁihlh§?s?aﬁ1ﬁrsé Rlpgality of dat ity

of data 1,88 SNBSS nledns Arbotpling bet Sl bie o saRfbifrality OF Sediniart Tt Hnes
and said plurality of bit lines to said first plurality of data lines; an independent word
line redundancy array disposed on a second portion of the integrated circuit chip spaced
from said first portion, said independent word line redundancy array having a phurality
of word lines and a plurality of bit lines; an error detection and correction means
coupled to said first plurality of data lines and to said plurality of bit lines of said
independent word line redundancy array for reading and correcting an error correction
word comprising a plurality of data bits and a plurality of check bits; and a buffer
coupled to said error detection and correction means for temporarily storing said error

correction word.

According to yet another aspect of the invention there is disclosed in a
manufacturing process for forming wafers having a plurality of memory chips thereon,
each of the memory chips comprising both a number X of memory cells and a number Y
of redundant cells, wherein wafers successively formed by the manufacturing process
have an average number N of faulty memory cells, and support circuitry for writing data
into and reading data out of the memory chip, the improvement comprising the steps of:
forming an error correction code circuit block in the support circuitry of each memory
chip when said average number N of faulty memory cells in wafers successively formed
by said manufacturing process is greater than said number Y of redundant cells, and
when said average number N of faulty memory cells in wafers successively formed by
said manufacturing process is equal to or less than the oumber Y of redundant cells,

forming the wafers without forming said error correction code circuit block in the

support circuitry of each memory chip. REPLACEMENT SHEET
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nmeans. 29. The menory chip as recited in claim28, whergttACEMENT &Wﬁ?%ﬂty
of redundant word lines are disposed in a portion of |t v~ chi p} shaced
fromsaid plurality of word lines. 30. The nenory chiipi{a i i&qqlgc?n ckaim
28, further conprising: means coupled tggsaid third gl yr f@é f dat I nes
for providing a Hanmm ng code error checking and corr€ctii —and a
buffer coupled to said neans for providing a Hamm ng lcode error checkin
and correcting function for storing both data bits an S generated
therefrom 31. The nmenory chip as recited in claim?28, wherein said first
set of X+N dafscordingsto Yeangother aspeetfithe invgntiemthere isadistlased grmemery eitipx
data |lines, sai,d second switchin and said thir urality of data

g_peans, dp .
o, oy SCORPUSEY o ALHY B SRATOIG ol EHerspRBRLed g ariiGy Bhwprd linds, 3 first
REPLACEMENT HI-5F bit lines, and a plurality of redundant bit lines, means coupled to said

plurality of word lines, said plurality of bit lines, and said plurality of redundant bit lines
for simultaneously addressing a first predetermined number X of said first plurality of bit
lines so as to access an X-bit error correction word, while also simultaneously
addressing a second predetermined number N of said plurality of redundant bit lines, a
first set of X+N data lines coupled to at least said first predetermined number X of said
first plurality of bit lines and to said second predetermined number N of said plurality of
redundant bit lines, a second set of X data lines, and first switching means for selectively
coupling said first set of X+N data lines to said second set of X data lines, so that
signals originating from one or more of said second predetermined number N of said
plurality of redundant bit lines are sent to said second set of X data lines in place of
signals originating from any one or more of said first predetermined number X of said

first plurality of bit lines that are faulty.

According to yet another aspect of the invention there is disclosed the memory chip
as recited in claim 27, further comprising: a plurality of redundant word lines having a
second plurality of bit lines associated therewith, second switching means having a set of
inputs coupled to both of said second set of X+N data lines and to said second plurality
of bit lines and a set of outputs for transmitting an accessed X-bit error correction word
from one of said second set of X+N data lines and said second plurality of bit lines to
said set of outputs, and a third plurality of data lines coupled to said set of outputs of

said second switching means.

According to yet another aspect of the invention there is disclosed a memory chip,

comprising: a first array of memory cells disposed on a first portion of said memory



32. The nenory chip as recited in claim31, wherein said neans for
provi di ng a Hamm ng code error checking and correcting function and said
buffer are arranged in a pipelined fashion on the nmenory chip. 33. The
menory chip as recited in claim31, whegein said first set of X+N data
lines are disposed in a zig-zag pattern over said first plurality of bit
lines so as to mnimze capacitive coupling between said first set of X+N
dat a | i neshipnshid axeindriyrcells peing antetopnodetdsi by & iphaslity £ bitdines mod ya plhkadity of
conprising: a first array_of nenory cells disposed on a first portion of
sai d menoWprd Hpes, saig @rrﬂemslqd%mrgumbimf senseppplificrs coupled to spid urumalityy of
bit lines and a plurality Qf word ||nes, said array including a pluralijty
of sense Shpiti ines © Ef'@a?naealffeaelglal algﬁﬁﬁpguai t Jpaggitpds {thesefrery toeread sgid
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including a plurality of sense amplifiers coupled to said plurality of bit lines to sense a

differential signal of a second magnitude greater than said first magnitude therefrom to
read said redundant cells, and first means formed on said memory chip coupled to said
first array for reading a multi-bit error correction word from at least one of said plurality
of word lines of said first array, said first means being coupled to said second array for
reading a multi-bit error correction word from at least one of said plurality of word lines
of said second array when said at least“one of said word lines of said first array is faulty,

said first means detecting and correcting at least one erroneous bit in said multi-bit word.




signal of a second nmagnitude greater than said first magnitude therefromto
read said redundant cells, and first nmeans fornmed on said nmenory chip
coupled to said first array for reading a multi-bit error correction word
fromat |east one of said plurality of wpyd lines of said first array, said
first neans being coupled to said second array for reading a nulti-bit
error correction word fromat |east one of said plurality of word |ines of
said second array when s:BRIEF DESCRIRTIONOETHE FIGURESes of said first
array is faulty, said first nmeans detecting and correcting at |east one
erroneous bit in said multi-bit word. 45 35. The nenory chip as recited
in claim34, wherein said word |lines of said second array of redundant

cel I's are couplha ferggeins rangf other gtraeturesi andsteaghingsTRE thee ddyeptionvpillaecome t ed

in claim35, wherein said second array o tredund,ant ca{ | s copprise %et\ﬁl n
cel | arr aymore apparent upon describing the best'mode for carrying out the invention, as rendere

below. In the description to follow, reference will be made to the accompanying figures,

in which:
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REPLACEMENT SHEET 32. The nenory chip as recited in claim30, further
conprising: neans (30) coupled to said third pluralit ta lines for
provi di ng a Hamm ng code error checking and correcti REPOALE %

buf fer coupl edsaid means for providi ngga Hanm ng code «Ic ‘

correctingf ing both data bits and cledk pits generafe
t herefrom ﬂ t“ﬁi iﬂﬂmlp as recited in claim 39, SEP | fst
plurality o d first CUARMSnNg neans, | s& _ ity

of data lines, said second switching neans, and saidfthird plura
data lines are arranged in a

1. A memory, comprising: a first array of memory cells having a first plurality of
word lines, a first plurality of bit lines, and a first plurality of redundant bit lines; a first
plurality of data lines; switching means for coupling selected ones of said plurality of
redundant bit lines of said first array and selected ones of said plurality of bit lines of
said first array to said first plurality of data lines; a separate array of redundant memory
cells comprising a second plurality of word lines and a second plurality of bit lines;
address means coupled to said first plurality of word lines of said first array of memory
cells and to said second plurality of word lines of said separate array of redundant
memory cells for accessing an X-bit error correction word comprising data bits and
check bits from one of said first array of memory cells and said separate array of
redundant memory cells; error correction circuitry coupled to said first plurality of data
lines and to said plurality of bit lines of said separate array of redundantimemory cells,
for reading said accessed X-bit error correction word from one of said first plurality of
data lines and said separate array of redundant memory cells and correcting any faulty
data bits therein; and output means coupled to said error correction circuitry for
providing said data bits as said accessed X-bit error correction word as corrected by said

error correction circuitry for external read-out.

2. The memory as recited in claim 1, further comprising a second plurality of data
lines having X+N data lines, wherein a first group X of said second plurality of data
lines are selectively coupled to said plurality of bit lines of said first array, and wherein
a second group N of said second plurality of data lines are selectively coupled to said

plurality of redundant bit lines of said first array.

3. The memory as recited in claim 2, wherein said first group X of said second

plurality of data lines are coupled to said first plurality of data lines by said switching



pi pel i ned fashion on the chip. 34. The nenory chip as r JEPLACEMENT, SHEET3
wherein said neans (30) for providing a Hanm ng code erfror checki ng ang
correcting f [ mlﬂmj buffer are arranged in a pi pel 24ec§EPaEYy on d
t he chip. BHmﬂHuﬁmm E‘ p as recited_in claim 33, rein said

plurality of*wotrd4iMess(W) are dispos & in a first difrecrror—amd
plurality of bit lines (BL) are disposed in a second difrection, and said
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plurality of lines in sald _ SO as _
capaci ti veedstdPiuadit 6t SRE Tinsficontdbfsald fifse palits  dafdi linek &% of said first

group X of said second plurality of data lines is coupled to a faulty one of said plurality

of bit lines of said first array of memory cells.

4, The memory as recited in claim 3, further comprising a second switching means
for coupling bit lines of said separate array of redundant memory cells to said error
correction means when a word line of said ﬁrst array addressed by said addressing

means is faulty.

5. The memory as recited in claim 2, wherein said second plurality of data lines are
disposed above said plurality of bit lines of said first array of memory cells in a zig-zag
pattern relative to said plurality of bit lines of said first array of memory cells to

{
minimize capacitive coupling thereto.

6. The memory as recited in claim 1, wherein said error correction circuitry
comprises a plurality of syndrome generators, and a syndrome bus coupled to said

plurality of syndrome generators for receiving respective syndrome bits therefrom.

7. The memory as recited in claim 6, wherein said error correction circuitry is

comprised of differential cascode voltage switch XOR logic gates.

8. The memory as recited in claim 6, wherein during a writeback cycle respective
parity bits are generated by said plurality of syndrome generators and stored as check

bits of said error correction word.

9. The memory as recited in claim 8, wherein said plurality of syndrome generators

compare said stored check bits of said error correction word with respective check bits

n



- 47 - Tn-a nmenory array formed on a substrate havi

menory ceI connected by -a plurality of word |ines
first dlrect|H Ji Hu ty of bit lines disposed
of word |ines dlrectloq3 ubstantiall'y
first direction, a pIurallty of data |linés disposed in
over said pIurallty of bit lines in said second directi
nininze cpecitdd b¢ €Al Phirabtybef Wotdrofi erdddtars! fdreskid :
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10. The memory as recited in claim 9, further comprising means coupled to said
plurality of syndrome generators for determining which of said data bits of said error

correction word are in error, and means for inverting one of said data bits.

11. The memory as recited in claim 10, wherein said determining means is comprised

of a plurality of differential cascode voltage switch XOR gates.

12. The memory as recited in claim 1, wherein said memory is formed on a
rectangular portion of a semiconductor chip, said rectangular portion having two long
sides, and wherein said error correction circuitry is disposed on an area of said
semiconductor chfp that extends between said twoi long sides of said rectangular portion
of said semiconductor chip, said area of said semiconductor chip having no other

circuitry associated therewith.

13.  The memory as recited in claim 1, wherein said output means comprises a buffer

that stores both of said data bits and said check bits of said error correction word.

14. The memory as recited in claim 13, wherein said output means further comprises
means for addressing at least one of said data bits stored in said buffer, and at least one

I/O means for receiving said at least one of said data bits for data transmission.

15.  An architecture for at least part of an integrated circuit chip, comprising:
an array of memory cells disposed on a first portion of the integrated circuit chip,
comprising a plurality of word lines, a plurality of bit lines, a first plurality of memory

cells, each of said first plurality of memory cells being coupled to one of said plurality of
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conprising a first menory cells disposed on a fli rst—portTomof
sai d chip, simmmﬂmﬂﬂﬂu" bei ng i nterconnected by a (¢ ra&i tg gf‘g{?\bt
lines and a c WOl lines, sajf arrayincludingaﬂl FI g
sense anplifiers coupled to said plurality of bit lines folsense a
differential signal of a first nagnitude therefromto repd respective one
of sai d mewordyliss|and,to@ns of eaid phirakity off bit Hoks)dahiralit! dfret ;
second portion of said chip spaced fromsaid first portion thereof, said
r edundant asscbsd Ipairaljtyi oft reervorynestis ¢ dadiyofssajsl secahd plpraiity loif tmémory scetlm deing
plurality of word lines, said second array This Sheet Has Been Re | aced
coupled to one of said plurality of word lines and one of said plurality of redundant bit

-

lines;

a first plurality of data lines;

switching meaos for coupling selected ones of said plurality of redundant bit lines
and said plurality of bit lines to said first plurality of data lines;

an independent word line redundancy array disposed on a sec;ond portion of the
integrated circuit chip spaced from said first portion, said independent word line
redundancy array having a plurality of word lines and a plurality of bit lines;

an error detection and correction means coupled to said first plurality of data lines
and to said plurality of bit lines of said independent word line redundancy array for
reading and correcting an error correction word comprising a plurality of data bits and a |
plurality of check bits; and

a buffer coupled to said error detection and correction means for temporarily

storing said error correction word.

16. The integrated circuit chip architecture of claim 15, wherein said independent

redundant word line array is comprised of twin cell redundant word lines.

17. The integrated circuit chip architecture of claim 15, wherein said plurality of
arrays of memory cells, said switching means, said independent word line redundancy
array, said error detection and correction means, and said buffer are disposed in a

pipelined fashion on said integrated circuit chip.

18. The integrated circuit chip architecture as recited in claim 15, wherein said error
detection and correction means generates said check bits in accordance with a double

error detect, single error correct error correction code.
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to each of sdid®bit I nes (BL). 40. The nenory chip as rgcited in claim 39
wherein said second array of redundant cells conprise a th

41. In a rrem)r]y that supports a plurality of _
19.  The integrated circuit chip architecture as recited in claim 18, wherein said error -

detection and correction comprises a plurality of DCVS XOR logic gates.

20. The integrated circuit chip architecture as recited in claim 15, wherein said buffer
further comprises output means for selecﬁng at least some of said plurality of data bits

stored by said buffer.

21. The integrated circuit chip architecture as recited in claim 20, further comprising
decoding means for decoding mode address signals to set an operating mode of the

integrated circuit chip.

22. The integrated circuit chip architecture as recited in claim 21, wherein said output

means selects said data bits in a manner established by said decoding means.

23. The integrated circuit chip architecture as recited in claim 22, wherein said buffer

sends one of said data bits to an I/O pad during a given access cycle.

24. The integrated circuit chip architecture as recited in claim 22, wherein said buffer

sends two of said data bits to two I/O pads, respectively, during a given access cycle.

25. . The integrated circuit chip architecture as recited in claim 22, wherein said buffer
sends two of said data bits in a sequential fashion to an I/O pad during a given access

cycle.

26. In a manufacturing process for forming wafers having a plurality of memory chips
thereon, each of the memory chips comprising both a number X of memory cells and a

number Y of redundant cells, wherein wafers successively formed by the manufacturing
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forming an error correction code circuit block in the support circuitry of each
memory chip when said average number N of faulty memory cells in wafers successively
formed by said manufacturing process is greater than said number Y of redundant cells,
and

when said average number N of faulty memory cells in wafers successively formed
by said manufacturing process is equal to or less than the number Y of redundant cells,
forming the wafers without forming said error correction code circuit block in the

support circuitry of each memory chip.

27. A memory chip, comprising:

an array of memory cells interconnected by a plurality of word lines, a first
plurality of bit lines, and a plurality of redundant bit lines,

means coupled to said plurality of word lines, said plurality of bit lines, and said
plurality of redundant bit lines for simultaneously addressing a first predetermined
number X of said first plurality of bit lines so as to access an X-bit error correction
word, while also simultaneously addressing a second predetermined number N of said
plurality of redundant bit lines,

a first set of X+N data lines coupled to at least said first predetermined number X
of said first plurality of bit lines and to said second predetermined number N of said
plurality of redundant bit lines,

a second set of X data lines, and

first switching means for selectively coupling said first set of X+N data lines to
said second set of X data lines, so that signals originating from one or more of said

second predetermined number N of said plurality of redundant bit lines are sent to said



. - ] REPLACEMENT SHEET
- 49 - operated in ore of said plurality of operational
I ven nenor decodlng sai d second addnegs

?he menory %/o mﬂm3 j] m plurality of oper ati onal i‘?ﬂ?ﬁ%ﬁf
given nmenory cycl e hod as regjted in claim4il, erein the
menory can be operated in nore than one operational nodg at a tine. 43. The
method as recited in claim4l, wherein the plurality of ‘exterrat—controf

si gnal s i retemiesatraftX detackimes if\ifce afosigmaid originbtisg {rGi) anyaomt oowoee abseid( RE)

signals. 44. The nmethod as recited in claim43, wherein said
first predetermined number X of said first plurality of bit lines that are faulty.

FD'Q.

28. The memory chip as recited in claim 27, further comprising:

a plurality of redundant word lines having a second plurality of bit lines associated
therewith,

second switching means having a set of inputs coupled to both of said second set of
X+N data lines and to said second plurality of bit lines and a set of outputs for
transmitting an accessed X-bit error correction word from one of said second set of
X+N data lines and said second plurality of bit lines to said set of outputs, and

a third plurality of data lines coupled to said set of outputs of said second switching

means.

29. 'The memory chip as recited in claim 28, wherein said plurality of redundant word
lines are disposed in a portion of the memory chip spaced from said plurality of word

Hnes.

30. The memory chip as recited in claim 28, further comprising:

means coupled to said third plurality of data lines for providing a Hamming code
error checking and correcting function, and a buffer coupled to said means for providing
a Hamming code error checking and correcting function for storing both data bits and

check bits generated therefrom.

31. The memory chip as recited in claim 28, wherein said first set of X+N data lines,
said first switching means, said second set of X data lines, said second switching means,
and said third plurality of data lines are arranged in a pipelined fashion on the memory

chip.
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Hamming code error checking and correcting function and said buffer are arranged in a
pipelined fashion on the memory chip.

33. The memory chip as recited in claim 31, wherein said first set of X+N data lines
are disposed in a zig-zag pattern over said first plurality of bit lines so as to minimize
capacitive coupling between said first set of X+N data lines and said first plurality of bit

lines.

34. A memory chip, comprising:

a first array of memory cells disposed on a first portion of said memory chip, said
memory cells being interconnected by a plurality of bit lines and a plurality of word
lines, said array including a plurality of sense amplifiers coupled to said plurality of bit
lines to sense a differential signal of a first magnitude therefrom to read said memory
cells,

a second array of redundant cells disposed on a second portion of said memory
chip spaced from said first portion thereof, said redundant cells being interconnected by
a plurality of bit lines and a plurality of word lines, said second array including a
plurality of sense amplifiers coupled to said plurality of bit lines to sense a differential
signal of a second magnitude greater than said first magnitude therefrom to read said
redundant cells, and

. first means formed on said memory chip coupled to said first array for reading a
multi-bit error correction word from at least one of said plurality of word lines of said
first array, said first means being coupled to said second array for reading a multi-bit
error correction word from at least one of said plurality of word lines of said second
array when said at least one of said word lines of said first array is faulty, said first

means detecting and correcting at least one erroneous bit in said multi-bit word.



35. The memory chip as recited in claim 34, wherein said word lines of said second

array of redundant cells are coupled to each of said bit lines.

36. The memory chip as recited in claim 35, wherein said second array of redundant

cells comprise a twin cell array.
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]?YNAMIC RAM WITH ON-CHIP EGC AND OPTIMIZEI

~ BIT AND WORD REDUNDANCY

ABSTRACT

A DRAM having on-chip ECC (30) and both bit and word
redundancy that have been optimizgd to support the
on-chip ECC. The bit line redundancy features a
switching network that provides an any-for-any
substitution for the bit lines in the associated
memory array. The word line redundancy is provided in
a separate array section (20), and has been optimized
to maximize signal while reducing soft errors. The
array stores data in the form of error correction
words (ECWs) on each word line. A first set of data
lines (formed in a zig-zag pattern to minimize unequal
capacitive loading on the underlying bit lines) are
coupled to read out an ECW as well as the redundant
bit lines. A second set of data lines receive the ECW
as corrected by bit line redundancy, and a third set
of data lines receive the ECW as corrected by the word
line redundancy. The third set of data lines are
coupled to the ECC block, which corrects errors
encountered in the ECW. The ECC circuitry (30) is
optimized to reduce the access delays introduced by
carrying out on-chip error correction. The ECC block
(30) provides both the corrected data bits and the
check bits to an SRAM (40). Thus, the check bits can
be externally accessed, improving testability 6f the
memory chip. At the same time, having a set of
interrelated bits in the SRAM (40) improves access
performance when using multi-bit access modes, which
compensates for whatever access delays are introduced
by the ECC. To maximize the efficiency of switching
from mode to mode, the modes are set as a function of
received address signals.

Fig. 1



