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METHOD FOR RECOVERY OF USEFUL
AREAS OF PARTIAI.I.Y DEFECTIVE

SYNCHRONOUS MEMORY COMPONENTS

This application includes subject matter related to appli-
catiorl Ser. No. t)9f035,629, llled concurrently herewith on
Mar. 5, 1998.

Fll-‘.l.I) 0|" TIIE lNVl_-‘.N'l’l()N

The present invention relates generally to the use partially
defective synchronous memory chips. More particularly. the
present invention relates to the configuration of defective
SDRAM components to create a nondelective memory
module or array.

BACKGROUND AND SUMMARY 01'‘ Till.‘
|)lSCI.()SURIi

As is well known in the art, during the production of
monolithic memory devices from silicon wafers, some of the
memory storage cells can become defective and unreliable.
The defective cells can be the result of a number of causes,
such as impurities introduced in the process of manufactur-
ing the monolithic memory device t'rom the silicon wafer, or
ltJC:tllZC(.l imperfections in the silicon substrate itself.

Often, while some memory cells are defective, many
other cells on the same memory chip are not defective, and
will work reliably and accurately. In addition, it is often the
case that the detective cells are localivted and confined to
particular outputs from the memory device. The remaining,
nondetective outputs can be relied upon to provide a con-
sistent and accurate representation of the information in the
storage cell,

Techniques have been developed for salvaging the non-
rtetective portions ot‘ defective asynchronous memory tech-
nologies (e.g., l)l~’./\M). Asynchronous memory technolo-
gies are relatively slow devices that operate in response to
control signals generated by a memory controller. rather
than in response to the system clock. The control signals
allow the asynchronous memory device to operate at a speed
that is much slower than the system Clock, and that ensures
reliable read and write memory operations.

Synchronous memory devices such as SDRAM, on the
other hand, are much faster devices that operate on the
system clock. SDRAM is an improvement over prior
memory technologies principally because SDRAM is
capable of synchronizing itself with the microprocessor’s
clock. This synchronization can eliminate the time delays
and wait states often necessary with prior memory technolo-
gies (c.g., DRAM), and it also allows for fast consecutive
read and write capability.

However, no attempts have been made to salvage non-
dcfective portions of synchronous memory. Some people
skilled in the art may believe that the use of techniques for
salvaging defective memory devices would not work with
higher—speect synchronous memory devices such as S[)R/\M
because they operate at much higher speeds than previous
memory devices, such as asynchronous DRAM. For
SDRAM, it may he believed that the rate at which the clock
input cycles and the load on the device driving the inputs
(e..g., the clock and the address) to the SDRAM devices
would make reliable input transitions unattainable.

The present invention addresses the problem of salvaging
partially defective synchronous memory devices. In one
embodiment of the present invention, multiple partially
defective SDRAM con11Jonents are configured to provide a
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2
reliable and nondefective memory module. Such an embodi-
ment takes advantage of the manner in which defective cells
are localized on each memory chip, and combines multiple
memory chips to provide a memory bus that is of the desired
width and granularity. In addition, it is possible with such an
embodiment to provide a computer system in which the
main memory is synchronized with the system clock, and is
constructed, at least in part, from partially defective memory
chips.

The nature of the present invention as well as other
embodiments of the present invention may be more clearly
understood by reference to the following detailed descrip-
tion of the invention. to the appended claims, and to the
several drawings herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a block diagram of a prior art corrlphter system
using a wait state control device with DRAM memory chips.

FIG. 2 is a block diagram of a computer system employ-
ing SDRAM memory chips,

FIG. 3 isa block diagram of a partially defective SDRAM
component.

FIG. 4 is it memory map showing the localized nature of
defective memory cells in one emborlimertt til" the presentinvention.

FIG. 4A is a memory map showing defective memory
cells corresponding to a defect that dilfers from that of FIG.4.

FIG. 5 is an embodiment of the present invention using
six partially defective SDRAM components to make a 64-bit
memory module.

FIGS, 6 and 7 are embodiments of the present invention
using sixteen defective SDRAM components where four hits
in each of the eight bit memory cells are defective.

DETAILED DESCRIPTION

FIG. 1 is a block diagram of a prior art computer system
comprising a microprocessor 16, a memory controller 14,
and main memory 12. In the system shown, main memory
12 is made up ofdynamic random access memory (DRAM).
Also shown in FIG. 1 is a wait state control device 18 and
a system clock 20. As is well known in the art, due to
ditferences in speed between the processor 16 and the
DRAM 12, it is often necessary to insert “wait states" when
the processor carries out a memory operation involving the
DRAM 12. Typically, the DRAM 12 is slower than the
processor 16, so one or more additional states are added to
the microprocessor’s memory access cycle to cnsure that the
memory 12 is given a sullicient amount of time to parry out
the memory (read/write) operation.

In addition, the clock 20 in the system of FIG. 1 is not a
direct input to the DRAM 1.2. Instead, as is well known in
the art, control signals are derived from the clock, and the
DRAM I2 is operated through the use of these control
signals. The signals presented to the DRAM device 12
change relatively slowly compared to the rate at which the
clock changes.

FIG. 2 shows a block diagram of a computer system in
one embodiment of the present invention, where the com»
puter system comprises a clock 20, a processor 16, a
memory controller 22, and main memory 24. Often, the
clock 20 operates at 66 MHZ or 100 MHz, but it may operate
at any speed. Unlike FIG. 1, the main memory in FIG. 2 is
made up of one or more SDRAM chips, and the SDRAM
memory is synchroni'/.ed with the clock 20, which means
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that it operates synchronously with the clock 20. This
synchronization can eliminate some or all of the wait states
normally necessary with DRAM devices, and it also allows
for fast consecutive read and write capability. Unlike FIG. 1,
in FIG. 2 the clock 20 is provided as an input to the memory
24. Thus, in FIG. 2, at least some of the inputs tn the memory
24 may change at a rate approaching or equal to the rate ofthe clock 20.

FIG. 3 is a block diagram of a partially defective SDRAM
component 26 having twelve address inputs At] to All, and
eightdataoutputs D0!) to l)Q7.’I'he component 26 is a 1024
Kx83><2 SDRAM. The “8" in this description represents the
eight output lines, meaning the data width is 8 bits wide (the
granularity may also be eight bits). The “'l024K” is the
addressable space in each bank of memory within the
SDRAM, and the ‘‘2’‘ indicates that there are two such
1024K banks of memory within this component. Generally,
components such as that described in FIG. 3 are mounted on
SlMMs (Single In-line Memory Modules) or l)lMMs (Dual
Inline Memory Modules), but any other appropriate pack-
aging technology could be used to practice one or more ofthe inventions described herein.

In operation. the SDRAM component 26 is addressed by
using a multiplexed row and column address, as is well
known in the art. The twelve address inputs trn the memory
component are first presented with an eleven bit row address
on A0 to A10. After the row address has been presented to
the SDRAM 26, an nine bit column address is presented to
the SDRAM 26 on address inputs A0 to A8. Thus, the full
address is twenty hits wide, thereby making a l(J24K address
space based on the row and column addresses. The SDRAM
26 has two of these 1024K banks of memory addressable
with the row and column addresses, The particular 1024K
hank within the SDRAM component is selected by an
additional row address bit, which is presented to the
SDRAM with the row address on address input All.

The SDRAM component shown in FIG, 3 is partially
defective in the sense that some of the DO outputs do not
consistently present valid or accurate data. In the particular
SDRAM shown in FIG. 3, data outputs D02 to DOS are
defective, whereas data outputs D00, D01, D06, and D0?
are not defective. Thus, these latter DO outputs can be relied
upon for accurate and consistent data, whereas the data
outputs D02 to DOS cannot.

FIG. 4 is a rnernory map of the SDRAM Component of
FIG. 3, showing the portions of memory that are defective.
As can be seen from FIG. 4, in the particular SDRAM
component of FIG. 3, the defects are such that every
addressable eight bit memory location has both reliable and
unreliable (or unused) DQ outputs, and they are consistently
arranged within each addressable octet.

This result may follow from the nature of the defect,
where certain DQ outputs always present valid data, whereas
other DQ outputs may not be reliable, and may occasionally
present bad data. Defects in the silicon or impurities intro-
duced in the manufacturing process will often result indefects like those illustrated in FIG. 4,

FIG. Sis a schematic diagram ofa memory module in one
embodiment of the present invention where multiple par—
tially defective SDRAM components are combined to create
a nondefeclive 5l2Kx64x2 memory module. The edge
connector 52 is connected to each of the partially defective
SI2k><1{t><2 SDRAM components 54 to 59. Each of the
SDRAM components are defective in a manner similar to
that shown in FIG. 4. The SDRAM Cornponents 54, 55, 57,
and 58 each have four detective or unused [)0 outputs (i.e.,
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4
D00 to D03), and the remaining twelve DQ outputs are not
defective. The SDRAM components 56 and 59 have eight
unreliable or unused DQ outputs (DQO to DQ7), and eight
reliable and nnndeliective DQ outputs. By using the twelve
nnndetective DQ outputs from SDRAM components54, 55,
57, and 58 and by using the eight nondefeetive DQ outputs
from SDRAM components 56 and 59, a 5IlKx64:-<2
memory module can be constructed from the six partially
defective SDRAM components as shown in FIG. 5.

In a manner similar to that described in connection with
FIG. 3, the Wm components in FIG. 5 are addressed by
first presenting an eleven bit row address followed by an
eight bit column address. Thus, the memory address is
nineteen bits wide. An additional bit is presented at address
input All with the eleven bit row address to select one of the
two 512K memory banks within each SDRAM component.

l-71G. 6 is a schematic oi‘ another embodiment of the
present invention, where sixteen partially defective ][l’_’4I(><
8x2 SDRAM components 72 to 87 are used to create a
lO2.4K><64x2 memory module. Each of the partially defec—
live SDRAM components in FIG. 6 has four unreliable or
unused outputs (DQO to D03) and four nondefective outputs
(D04 [0 D07). Using the four nondefective outputs from
each of the sixteen SDRAM components provides a 64 bit
quad word data path.

The SDRAM components of FIG. 6 are addresstd by first
presenting an eleven bit row address followed by a nine bit
column address. Thus, the memory address is twenty bits
wide. An additional bit is presented at address input All
with the eleven-bit row address to select one of the two
1024K memory banks within each SDRAM component.

It should be understood that the present invention does‘ rtot
necessarily require any particular arrangement [or the defec-
tive DQ outputs. For example, in FIG. 6, the defective DQ
outputs need not be the same foreacb component 71-87, and
the defective outputs may not be consecutive or symtnctric.
As can be seen from FIG. 6, the components 72 and 80 make
up the low order byte ot‘ data in the 64-bit quad word. It is
possible that component 72 may have only three defective
outputs, thereby allowing five bits in the low order byte to
be taken from component 72, and only three bits from
component 80. Any other combination would also be appro-
priate. Similarly, the deiective outputs in component 80
could come in any combination, and need not be DQO, D01,
DQ2, DQ3. Rather, the defective outputs could be DQl,
DQ4, D06, and DQ7, or any other combination.

FIG. 7 is a schematic of another embodiment of the
present invention, where sixteen partially defective lMx8>-<2
SDRAM components 92 to 107 are used to create a
lM><64><2 memory module. Each of the partially defective
SDRAM components in FIG. 7 have four unreliable or
unused outputs and four nttndefective outputs. This emboLli~
ment dilfers from that in FIG. 6 in that the outputs DQO to
DQ3 are nondefective, whereas outputs DQ4 to DQ7 are
defective. The four nondefcctive outputs from each of the
sixteen SDRAM components provides a 64 bit quad word
data path.

Although the SDRAM componentsin FIG. 7' are 1Mx8x2
components having two banks of tMx8 bit memory, it is
possible that they could be 2M><8 bit components having
only a single bank of memory. In such an embodiment, the
components are addressed by tlrst presenting a twelve hit
row address to the addrem inputs A0 to All, followed by a
nine bit column address, which is presented at address inputs
A0 to A8. Thus, the full address is 21 bits wide, thereby
providing a 2M address space, and the SDRAM cornpunents
haw-.(nrare treated as having) only a single bank ofmemory.
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It is also possible that the memory components have more
than two banks of memory. In some more modern devices,
two bank select lines (cg, EM] and BAI) are used to select
one of four banks of memory in a particular component or
module. (Often, but not necessarily, such select signals are
presented to the component with the row address.) As one
skilled in the art would recognize, the present invention is
applicable to memory components of this nature, and is
applicable generally to memory components having any
number of banks of memory.

Although the present invention has been shown and
described with respect to preferred embodiments, various
changes and modifications that are obvious to a person
skilled in the art to which the invention pertains, even if not
shown or specilically described herein. are deemed to lie
within the spirit and scope of the invention and the followingclaims.

What is claimed is:
1. A method of accessing a memory module comprisingthe acts of:

presenting a row address to the address inputs of each of
a plurality of partially defective SDR/\.M components
that have at least one unreliable data output. and that
also have a plurality of valid data outputs, wherein the
valid data outputs are data outputs that provide reliable
and accurate data; and

presenting a column address to the address inputs. of each
SDRAM component;

aggregating the valid data outputs of each of the SDRAM
components to provide a data path; and

communicating the data from the valid data outputs to a
|Tll.C|'l'|p|’0L‘C5§U|'.

2. The method of claim 1, wherein the act of presenting
a row address includes the act of presenting a row address -
to the address inputs of partially defective SDRAM
components, where for each of these SDRAM components,
the plurality of valid data outputs are the same for each
addressable memory location within that component so that
the same portion of each addressable memory location
within any given SDRAM component consistently provides
valid and accurate data.

3. The method of claim 2, wherein the act of presenting
a row address to the address inputs of each of a plurality of
partially defective SDRAM components includes the act of
presenting a row address to SDRAM components mounted
on SIMMs.

4. The method of claim 3, wherein the act of presenting
a row address to the address inputs of each of a plurality of
partially defective SDRAM components includes the act of
presenting a new address to SDRAM components mounted
on l)lMMS.

5. A method of accessing memory cells in a memory
module having a plurality of SDRAM components, each of
the SDRAM components having a plurality of address .
inputs, and wherein each of the SDRAM components further
comprises a plurality of hanks of memory that are addres-
sable by the address inputs, the rnethod comprising the actsof:

presenting a row address to the address inputs of each
SDRAM component;
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6
presenting a column address to the address inputs of each

SDRAM component;
selecting one of the plurality of banks within each

SDRAM component by presenting at least one selec-
tion bit at the address inputs when the row address is
presented to the address inputs, wherein each of the
SDRAM components is partially defective such that
each SDRAM components has at least one unreliable
data output, and also a plurality of valid data outputs
that provide reliable and accurate data;

aggregating the valid data outputs of each of the SDRAM
components to provide a data path; and

communicating the data from the valid data outputs from
each of the SDRAM components to a microprocessor.

6. The method of claim 5, wherein the act of presenting
a row address includes the act of presenting a row address
to the address inputs of partially defective SDRAM
components, where for each of these SD]-‘LAM components,
the plurality of valid data outputs are the same for each
addressable memory location within that component so that
the same portion of each addressable memory location
within any given SDRAM component consistently provides
valid and accurate data.

1. The method of claim 6, wherein the act of presenting
a row address to the address inputs of each of a plurality of
partially defective SDRAM components includes the act of
presenting a row address to SDRAM components mounted
on $IMMs.

S. The method of claim '1, wherein the act of presenting
a row address to the address inputs of each of a plurality of
partially defective SDRAM components includes the act of
presenting a row address to SDRAM components mountedon I)lMMs.

9. A method of enabling data access between a memory
module having data outputs and a microprocessor compris-
ing the acts of:

determining which SDRAM data outputs of a group of
SDRAM components are defective;

assembling a set of SDRAM components from the group
of SDRAM components. wherein at least one of the
SDRAM components has defective SDRAM data
outputs, such that each memory module data output is
connected to an operative SDRAM data output; and

applying a clock signal that is processed to synchronously‘
apply operating signals t.o the memory module and the
microprocessor to cfiect data access between the
memory module and the microprocessor.

10. ‘Die method of claim 9 firlher comprising sorting
SDRAM components based on which of the data outputs of
the respective SDRAM components are defective.

11. The method of claim 10 further comprising providing
sorted SDRAM corttponettts with predetennined numbers
and arrangements of defective SDRAM data outputs for
assemble on predetermined, complementary memory mod-ulcs.

12. The method of claim 9 wherein determining which
data outputs are defective includes testing SDRAM oompo-
nenm prior to assembling the SDR.I\.M components on a
memory module.
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TO WHOM IT MAY CONCERN:
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METHOD FOR RECOVERY OFUSEFUL AREAS OF PARTIALLY DEFECTIVE

SYNCHRONOUS MEMORY COMPONENTS

of which the following is a specification.
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’§°% FIELD OF THE INVENTION

The present invention relates generally to the use partially defective synchronous memory

METHOD FOR RECOVERY OF USEFUL AREAS OF PARTIALLY

DEFECTIVE SYNCI-IRONOUS MEMORY OOMPONENTS

chips. More particularly, the present invention relates to the configuration of defective SDRAM

components to create a nondefective memory module or array.

BACKGROUND AND SUMMARY OF THE DISCLOSURE

As is well known in the art, during the production ofmonolithic memory devices from silicon

wafers, some of the memory storage cells can become defective and unreliable. The defective cells

I can be the result of a number of causes, such as impurities introduced in the process of

manufacturing the monolithic memory device from the silicon wafer. or localized imperfections in

the silicon substrate itself.
Often, while some memory cells are defective. many other cells on the same memory chip

are not defective. and will work reliably and accurately. In addition, it is often the case that the

defective cells are localized and confined to particular outputs from the memory device. The

remaining. nondefective outputs can be relied upon to provide a consistent and accurate

representation of the information in the storage cell. A

Techniques have been developed for salvaging the non-defective portions of defective

asynchronous‘ memory technologies {e.g., DRAM). Asynchronous memory technologies are

relatively slow devices that operate in response to control signals generated by a memory controller,

rather than in response to the system clock. The control -signals allow the asynchronous memory

"device to operate at a speed that is much slower than the system clock, and that ensures reliable read

and write memory operations.

Synchronous memory devices such as SDRAM, on the other hand, are much faster devices

that operate on the system clock. SDRAM is an improvement over prior memory technologies

principally because SDRAM is capable of synchronizing itself with the microprocessors clock. This

synchronization caneliminate the time delays and wait states often necessary with prior memory

t:53t'M‘.Mud-5.1190 ‘
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technologies (e.g., DRAM), and it also allows for fast consecutive read and write capability.

However. no attempts have been made to salvage non-defective portions of synchronous

memory. Some people skilled in the art may believe that the use of techniques for salvaging

defective memory devices would not workwith higher-speed synchronous memory devices such as

SDRAM because they operate at much higher speeds than previous memory devices. such as

asynchronous DRAM. For SDRAM. it may be believed that the rate at which the clock input cycles

and the load on the device driving the inputs (e.g., the clock and the address} to the SDRAM devices {'-

would make reliable input transitions unattainable. l

The present invention addresses the problem of- salvaging partially defective synchronous

memory devices. In one embodiment ofthe present invention, multiple partially defective SDRAM

_ components are configured to provide a reliable and nondefective memory module. Such an

embodiment takes advantage of the manner in which defective cells are localized on each memory

chip, and combines multiple memory chips to provide a memory bus that is of the desired width and

granularity. In addition, it is possible with such an embodiment to_ provide a computer system in

which t_he main memory is synchronized with the system clock, and is constructed, at least in part,

from partially defective" memory chips.

The nature of the present invention as well as other embodiments of the present invention

may be more clearly understood by reference to the following detailed description of the invention,
to the appended claims, and to the several drawings herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block tliag1‘a.m of a prior art computer system using a wait state control device

with DRAM memory chips. ' '

Figure 2 is a block diagram of a oomputer system employing SDRAM memory chips.

Figure 3 is a block diagram of a partially defective SDRAM component.

Figure 4 is a memory map showing the localized nature of defective memory cells in one-

embodiment of the present invention.

I11?!-1. Manual. 199: I I 3.
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Figure 3 is an embodiment of the present invention using six partially defective SDRAM

components to make a 64—bit memory module.

Figures 6 and 7 are embodiments of the present invention using sixteen defective SDRAM

components where four bits in each of the eight hit memory cells are defective.

DETAILED DESCRIPTION

Figure 1 is a block diagram of a prior art computer system comprising a microprocessor 16.

a memory controller 14, and main memory 12. ].n the system shown, main memory 12 is made up,-

of dynamic random access memory (DRAM). Also shown in Figure l is a wait state control device

18 and a system clock 20. As is well known in the art, due to differences in speed between the -

processor 16 and the DRAM 12, it is often necessary to insert "wait states" when the processor

carries out a memory "operation involving the DRAM 12. Typically, the DRAM 12 is slower than

the processor 16, so one or more additional states are added to theIrnicroprocessor's memory access
cycle to ensure that the memory 12 is given a sufficient amount of time to carry out the memory

(readfwrite) operation.

In addition, the clock 20 in the system of Figure 1 is not a direct input to the DRAM 12.

Instead. as is well known in the art, control signals are derived from the clock, and the DRAM 12

is operated through the use of these control signals. The signals presentedito the DRAM device 12
change relatively slowly-compared to the rate at which the clock changes.

Figure 2 shows a block diagram of a computer system in one embodiment of the present

invention, where the computer system comprises a clock 20, a processor lo, a memory controller 22,

and main memory 24. Often, the clock 20 operates at 66 MHz or 100 MHz. but it may operate at

any speed. Unlike Figure 1, the main memory in Figure 2 is made up of one or more SDRAM chips,

and the Sl‘JRAM memory is synchronized with the clock 20, which means that it operates

synchronously with the clock 20. This synchronization can eliminate some or all of the wait states

normally necessary with DRAM devices. and it also allows for fast consecutive read and write

capability. Unlike Figure 1, in Figure 2 the clockl20 is provided as an input to the memory 24._

Thus, in Figure 2. at least some of the inputs to the memory 24 may change at a rate approaching or

equal to the rate of the clock 20.

I5i!fH.MlldI!.1!!l 4-
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Figure 3 is a block diagram of a partially defective SDRAM component 26 having twelve

address inputs A0 to All, and eight data outputs DQO to DQ7. The component 26 is a 1024K X 8

x 2 SDRAM. The “8" in this description represents the eight output lines. meaning the data width

is 8 bits wide (the granularity may also be eight bits). The ”l024K" is the addressable space in each

bank of memory within the SDRAM, and the “2" indicates that there are two such 1024K banks of

memory within this component. Generally, components such as that described in Figure 3 are

mounted on SlMMs (Single In-line Memory Modules) or D]MMs (Dual In-line Memory Modules),

but any other appropriate packaging technology could be used to practice one or more of the

inventions described herein. ' _

In operation, the SDRAM component 26 is addressed by using a multiplexed row and column l
address. as is well known in the art. The twelve address inputs on the memory component are first

presented with an eleven bit row address on A0 to A10. After the row address has been presented

. to the SDRAM 26, an nine bit column address is presented to the SDRAM 26 on address inputs A0

to A8. Thus, the full address is twenty bits wide. thereby making a 102-4K address space based on

the row and column addresses. The SDRAM 26 has two of these 10211.1( banks of memory

addressable with the row and column addresses. The particular 1024K bank within the SDRAM

component is selected by an additional row address bit, which is presented to the SDRAM with the

row address on address input A11.

The SDRAM component shown in Figure 3 is partially defective in the sense that some of

the DQ outputs do not consistently present valid or accurate data. In the particular SDRAM shown

in Figure 3, data outputs DQ2 to DQS are defective, whereas data outputs DQO. DQI, DQ6, and

DQ7 are not defective. Thus, these latter DQ outputs can be relied upon for accurate and consistent

data, whereas the data outputs DQ2 to DQ5 cannot. I

Figure 4 is a memory map of the SDRAM component of Figure 3, showing the portions of

memory that are defective. As can be seen from Figure 4. in the particular SDRAM component of

Figure 3, the defects are such that every addressable eight bit memory location has both reliable and

unreliable (_or unused) DQ outputs, and they are consistently arranged within each addressable octet.

This result may follow from the nature of the defect, where certain DQ outputs always present valid

data, whereas other DQ outputs may not be reliable, and may occasionally present bad data. Defects
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in the silicon or impurities introduced in the manufacturing process will often result in defects like

those illustrated in Figure 4.

Figure 5 is a schematic diagram of a memory module in one embodiment of the present

invention where multiple partially defective SDRAM components are combined to create a

nondefective 512K x 64 x 2 memory module. The edge connector 52 is connected to each of the

partially defective 5121: at US it 2 SDRAM components 54 to 59. Each of the SDRAM components

are defective in a manner similar to that shown in Figure 4. The SDRAM components 54. 55. 57, ‘I

and 58 each have four defective or unused DQ outputs [i.e., DQO to DQ3), and the remaining twelve “-
DQ outputs are not defective. The SDRAM components 56 and 59 have eight unreliable or unused

DQ outputs (DQD to DQ7), and eight reliable and nondefective DQ outputs. By using the twelve

' nondefective DQ outputs from SDRAM components 54. 55. 57', and SB and by using the eight

nontlefective DQ outputs from SDRAM components 56 and 59, a 512K it 64 x 2 memory module

can be constructed from the six partially defective SDRAM components as shown in Figure 5.

In a manner sirnilar to that described in connection with Figure 3. the SDRAM components

in Figure 5 are addressed by -first presenting an eleven bit row address followed by an eight bit

column address. Thus, the memory address is nineteen bits wide. An additional bit is presented at

address input A1] with the eleven bit row address to select one of the two 512K memory banks

within each SDRAM component.

Figure 6 is a schematic of another embodiment of the present invention, where sixteen

partially defective 1024K it 3 x 2 SDRAM components 72 to 87 are used to create a 1024K x 64'):

2 memory module. Each of the partially defective SDRAM components in Figure 6 has four

unreliable or unused outputs {DQD to DQ3) and-four nondefective outputs (DQ4 to DQ7). Using

the four nondefective outputs from each of the sixteen SDRAM components provides a 64 bit quad

word data path.

The SDRAM components of Figure 6 are addressed by first presenting an eleven bit row

address followed by a nine bit column address. Thus. the memory address is twenty bits wide. An

additional bit is presented at address input All with the e1even—bit row address to select one of the

two 1024K memory banks within each SDRAM component.

It should be understood that the present invention does not necessarily require any particular
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arrangement for the defective DQ outputs. For example, in Figure 6. the defective DQ outputs need

not be the same for each component '12-87, and the defective outputs may not be consecutive or

symmetric. As can be seen from Figure 6, the components 72 and 80 make up the low order byte

of data in the 64-bit quad word. It is possible that component ‘P2 may have only three defective

outputs, thereby allowing five hits in the low order byte to be taken from component 72, and only

three hits from component 80 .‘Any other combination would also be appropriate. Similarly, the

defective outputs in component 80 could come in any combination, and need not be DQO, DQI ._,.z

DQ2, DQ3. Rather, the defective outputs could be DQI, DQ4, DQ6. and DQ7, or any othett
combination.

Figure 7 is a schematic of another embodiment of the present invention, where sixteen

partially defective 1M x 8 it 2 SDRAM components 92 to 107 are used to create a 1M K 64 x 2

memory module. Each of the partially defective SDRAM components in Figure 7’ have four

unreliable or unused outputs and four nondefective outputs. This embodiment differs from that in

Figure 6 in that the outputs DQO to DQ3 are nottdefective, whereas outputs DQ4 to DQ? are

defective. The four nondefective outputs from each of the sixteen SDRAM components provides

a 64 bit quad word data path.

Although the SDRAM components in Figure 7 are 1M x 8 x 2 components having two banks

of 1M x 8 bit memory, it-is possible that they could be 2M x 3 bit components having only a single

bank of memory. In such an embodiment. the components are addressed by first presenting a twelve

l:-it row address to the address inputs A0 to All. followed by a nine hit column address, which is

presented at address inputs A0 to A8. Thus, the full address is 21 bits wide, thereby providing a 2M

address space, and the SDRAM components have (or are treated as having) only a single bank of

memory.

It is also possible that the memory components have more than two banks of memory. In

some more modern devices, two bank select lines (e.g.. BAD and BM) are used to select one of four

banks of memory in a particular component or module. (Often, but not necessarily, such select

signals are presented to the component with the row address.) As‘ one skilled in the art would

reoogrtizce, the present invention is applicable to memory components of this nature. and is applicable

generally to memory components having any number of banks of memory.
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Although the present invention has been shown and described with respect to preferred

embodiments, various changes and modifications that are obvious to a person skilled in the art to

which the invention pertains. even if not shown or specifically described herein. are deemed to lie

within the spirit and scope of the invention and the following claims.
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1 What is claimed is:

 

1. A method of accessing a mory module comprising the acts of:

3 presenting a row a ress to the address inputs of each of a plurality of partially defective

SDRAM components that ave at least one unreliable data‘ output, and that also have atplurality of

5 valid data outputs, whe n the valid data outputs are data outputs that provide reliable and accurate

data; and

ting the data from the valid data outputs to the microprocessor.

2. The method of claim 1, wherein the act of presenting a row address includes the act of presenting

13 a row address to the address inputs of partially defective SDRAM components, where for each of

these SDRAM components, the plurality of valid data outputs are the same for each addressable

15 memory location within that component so that the same portion of each addressable memory

_ location within any given SDRAM component consistently provides valid and accurate data.
17‘

3. The method of claim 2, wherein the act of presenting a row address to the address inputs of each

19 of a plurality of partially defective SDRAM components includes the act of presenting a row address

to SDRAM components mounted on SIMMS.
21

4. The method of claim 3, wherein the act of presenting -a row address to the address inputs of each

23 of a plurality of partially defective SDRAM components includes the act of presenting a row address

to SDRAM components mounted on DlMMs. ’
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1 presenting a row address to the address in s of each SDRAM component;

presenting a column address to the a ess inputs of each SDRAM component;

3 selecting one of the plurality of its within each SDRAM component by presenting at least
one selection bit at the address i

_ ya/ wherein each of the SDRAM mponcnts is partially’ defective such that each SDRAM components
has at least one unreliab data output, and also a plurality of valid data outputs that provide reliable

uts when the row address is presented to the address inputs,

 
 

 

7 and accurate data; _

aggrega ' g the valid data outputs of each of the SDRAM components to provide a data pattl;
9 and '

mmunicating the data from the valid data outputs from each of the SDRAM components

to th microprocessor.

13 6. The method of claim 5. wherein the act of presenting a row address includes the act of presenting

a row address to the address inputs of partially defective SDRAM components. where for each of

15 these SDRAM components. the plurality of valid data outputs are the same for each addressable

memory location within that component so that the same portion of each addressable memory

'1? location within any given SDRAM component consistently provides valid and accurate data.

19 7. The method of claim 6, wherein the act of presenting a row address to the address inputs of each

of a. pluralityof partially defective SDRAM components includes the act of presenting a row address

21 to SDRAM components mounted on SJMMS.

23 8. The method of claim 7, wherein the act of presenting a row addtess to the address inputs of each

of a plurality of partially defective SDRAM components includes the act of presenting a row address '

15 to SDRAM components mounted on DIMM-s. I

tttlél
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ABSTRACT

Memory module using partially defective synchronous memory devices, such as SDRAM

components. Multiple partially defective. SDRAM components are configured to provide a reliable

and nondcfcctivc memory module that takes advantage of the manner in which defective cells are _

localized on each SDRAM component.
a
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for Pa >- . Washington. I ,C. 20131 on _

 
  

   
   

_ E11,‘; .92.! 4
I we Signaru ~
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0 .

<.Z\
WE 1. 2 W “’.' . . .

grmssaoner 1Sé-Etzreby authorized to charge any underpayment or credit any4' <- '-

overpayment ass 49 . ‘fit this communication to Deposit Account No. 04-1420. A copy of

TheC

this letter is enclosed for that purpose.

Respectfully submitted.

Date: . 7 K F - ‘L41
Stuaxt R. I-Iernphill (Reg. No. 28,084]
Dorsey & Whitney LLP
Pillsbury Center South
220 South Sixth Street

Minneapolis. Minnesota 55409-1493

Telephone: 612-340-2734

Attorney for Applicant
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Docket: 6235

STATES PATENT AND TRADEMARK OFFICE I 
Applicant: Richard Weber and Corey Larsen

Serial No.: 09f035.739

Filing Date: March 5, 1998

Title: Method for Recovgz of Partial]! Detective Sgchronous Memory Comgnents ‘

FELING osmgme PARTS
or APPLICATION UNDER 37 CFR §1.s3m

Assistant Commissioner for Patents

Attention: Box Missing Parts
Washington, D.C. 20231

Dear Sir:

In response to the Notice To File Missing Perts of Application--Filing Date Granted.

mailed June 12, 1998, pursuant to 37 CFR § l.S3(f) enclosed are the following:

1. Required copy oi the Notice to File Missing Parts of Application;

2. Signed'Dcclaration; and

3. A check in the amount of $130.00 for the surcharge under 37 CFR 1.16(e)).

iherehy certify u.‘n:n the document is being deposited
with use Unined Slates Postal Services: lint class mail
in an envelope addressed :0: Assimnt Comniissioner

. Washinglen. .C. 20231 on

_ . _ i 3,1’-/1

mm-. ,1 
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uthorized to charge any underpayment or credit any I

overpayment associate ' communication to Deposit Account No. 04-1420. A copy of

this letter is enclosed folj that purpose.

Respectfully submitted,

Date: - 7, r’ ‘F " ' 4-'7

' Stuart R. Hemphil] (Reg. No. 23,084)
Dorsey & Whitney LLP
Pillsbury Center South

220 South Sixth Street
Minneapolis, Minnesota 55402-1498
Telephone: 612-340-2734

Attorney for Applicant
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fis gtiten TWO MONTHS FFIOM Tl-lE_D

, aban‘donrn_ent. I Extensions ol iimemay
_ 1.135(3). Ilanyolilemsl orsthrouglftl

- , -.enl1_t\'rin'compIlaJ1oe'with 3?; CH1 1.27. or
-toavold ab'a'ndqntn_'en!. . , ' '

 H?

L _ I _ n" _L_l’Itlpse*dependent-»claim fees. are reqpired:
' indepenqentda'i_ms ever 3. ' ' . ‘ " ' -' ' '

$ for dependent claims over 20. " _ /"

5 _ ' for rmiltiple dependent claim surcharge. _'.
v - Applicant must either aubmtt_tt1e additional claim tees or CEl'.l§5_:'I9ddtl‘l'Ol'l3l claims for which fees are due. _,——='
g 3. e oath or declaration: /'is missing or unexocutetl. ;«"

does not cover the newly submitted items. . _ -' ’
C! does not identify the application to which it applies. ~ ,.-’

' Cl does not includejhe city al’_ld.S1atB or foreign country of applicant's residence. ' . I '. 7' - ..
- -An oath or. deotagaflgn in ciomptfance with 37 OFF! 1. 63, including residence lntqnnatton-étrctn':’teo,iifytng the application-b'_'f .
~ -:tm~.aeaue~nppi:'caiion-.wumber;and Ei'ltng‘D§te‘ts'rei]r * - - '- i~- '“

' El 4C The signalLtre(s} to the'oath or deoleratianiistare by a person other than inventor or per’son_c;uaIitiad undei‘ 37 Q'FFi1_.42.'1.43 or 1.41
A property Signed oath or declare

' Appttcation Number and Ftltng Data, is raqutred'.'

El 5. The signature-of the following joint inventories) la mtaeing--.

 
  
 

 
. -.‘-.3}

LE lo'IlSSll_\lfi-P.lI.R‘l'_£-'5 or thPPl'.lCATID
_'. ,_ajE,{tln9..qt!l9.Gt§fl.l£€Ei' K '.

-An Applicaiionflurrber and Filing Dale‘ha\ia.l5een assignet! to this 'eppIics_.1ien.- The Items indicated-below.-however. aw fl5l55'i!1'Q. GPF-ilicfifli -- —
ATE OF THESNOTIGE within which to llle all required items and pay fees required below loavoid — ‘ '
be obtained byfiiéng a petition aeoomoanied by the extension fee undo: the provisions or 3? CFFI _ .

tinted ea mmlnglme suncnnnee setlotth in 37 cm '1.1_e(e) oft: 555.com a smell
1311.011 for a nuI_'1-si'g1ellenti!y;3mu‘sl alao_be timely sulimltted in reply to this NOTICE

1 uovfitfon  

_°"‘3
It¢L‘tt!'*.*".‘W‘ ‘

- _.-,...-4... ,. ,x.....,,-,..,.....u.. _ . .-..--,.. .....,..,. .. .

lion in compliance with 3? CFH 1.63, tdenflfyiny the application by the above .'

-lrou:IL_ll'_Ie oath}-r"él”eolaration: ' J,‘ _ -' -1

 

'iitiei_on.l?ii3).3na--_1202.-' I ,‘ . __
ERI_}§:fiET”RNFD*=WtTti=BE§adti§ET;4,--‘“PAHr-team

 
'oiaPAn11weMroFcoMIvEittE-PmarucI.Triade1_nar'1c0tIioe- '

' Address: COMMISSIONER OF nnrewrs mo Tnmemnhics . .
13.3. 20231

 .s.€.‘..r.':.».-...r'_:'- --

ml‘-s-s
so at 
 

:‘:__.5..: - .. ._ vi ‘.9... --

 

 
 
  

 
 
 

  

9

F

I-In call’: of declaration r'n_ compliance wtlll,-3?‘ CFR 1.63 jlté names otatt inventors and signed by the arnftted ' ' ' "_ .
tnvant0F(5)- Fdentttytng this application by‘ the above-gkoplldatfbn Number, éno‘ Filing‘ Date, ts required. “ , ‘ ‘ '

rélurneg \niilhoI,i_t2payrriar_1l{37_ClT-‘Fl 1_.21(rn)). 

me with .U*_" "A9

3
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, Partially Defective Synchronous Memory Components”, the specification of which

Dkt No. 6325

  
It

'7’ @fiARATION FOR PATENT APPLICATION

As a below named inventor, I hereby declare that:

My residence. post office address and citizenship are as stated below next to myname. '

, I believe I am the original. first and sole inventor [if only one name is listed below)
or an original, first and joint inventor (if plural names are listed below) of me subject matter which
is claimed and for which a patent is sought on the invention entitled “Method for Recovery of 5-’

't\

U is attached hereto.

E was filed on March 5 1998 as United States application number
OEV035 739 and amended on {LIA} ..

 

 

I do not know and do not believe that the invention was ever known or used in the

United States before my or our invention thereof;

ldo not know and do not believe that the invention was evcrpatented or described
in any printed publication in any country before my or our invention thereof or more than one year
prior to this application;

I do not know and do not believe that the invention was in public use or on sale in the
United States more than one year prior to this application.

Ihereby state thatI have reviewed and understand the contents of the above-identiiied
specification, including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose to the United States Patent and Trademark Office
information known to me to be material to patentability as defined in Title 37, Code of Federal
Regulations, Section 1.56.

I hereby claim foreign priority benefits under Title 35, United States Code. Section
119(a)-(d) or Section 36503) of any foreign applic.ation(s} for patent or invent-or's certificate. or
Section 36S{a) of any PCT international application which designated at least one country other than
the United States, listed below, and I have also identified and listed below any foreign application(s)'
for patent or ‘Inventor's certificate, or PCT international application, having a filing date before that
of the app1ication(s) on which priority is claimed:

79
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FOREIGN APPLICATION{S)

dawmon=wv=arfi1=d S Prioritvclaimed
———

[ hereby claim the benefit under Title 35, United States Code, Section ll-9(e) of any
U.S. provisional applit:ation(s) listed below:

  

 
   

U.S. ‘PROVISIONAL APPLICATIONS)

Application Serial No. I

I hereby claim the benefit under Title 35, United ‘States Code, Section 120 of any
United States application(s), or under Section 365(c) of any PCT international application
designating the United States, listed below and, insofar as the subject matter of each of the claims
of this application is not disclosed in the prior United States or PCT international application in the L.
manner provided by the first paragraph. of Title 35, United States Code, Section 112, I acknowledge
the duty to disclose to the United States Patent and Trademark Office information known to me to
be material to patentability as defined in Title 37, Code of Federal Regulations, Section 1.56 which
became available between the filing date of the prior application and the national or PCT
international filing date of this application:

 

  
 

 

PRIORITY U.S.APPLICATI()l\l[S) '

Application Serial No. Filing Date

—

I hereby appoint the following attorneys andfor agents to prosecute this application
and to transact all business in the Patent and Trademark Office connected therewith: Ronald J.

Brown (29,016), David E. Bruhn (36,762), David N. Ftonek (25,678), Joseph F. I-[aag (P 42,612);
Stuart R. l-Ienrphill (28,034), Eugene L. Johnson (21,028), Kenneth E. Levitt (39,747), Niall A.
Macleod (P4l,963), Erik Nordstrorn (39.-'.-'92), Devan Padmanabhan (38,262), Gerald H. Sullivan
(37,243). Jon F. Tuttle (25,713) and Mark A. Wolfe (36,311). -
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