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METHOD FOR RECOVERY OF USEFUL
AREAS OF PARTIALLY DEFECTIVE
SYNCHRONOUS MEMORY COMPONENTS

This application includes subject matter related to appli- 5
cation Ser. No. 09/035,629, filed concurrently herewith on
Mar. 5, 1998.

FIELD OF THE INVENTION

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 nondefective memory
module or array.

BACKGROUND AND SUMMARY OF THE
DISCLOSURE

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 from the silicon wafer, or
localized imperfections in the silicon substrate itself. 2

2

h

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 con-
sistent and accurate representation of the information in the
storage cell.

Techniques have been developed for salvaging the non-
defective portions of defective asynchronous memory tech- ~
nologies (e.g., DRAM). 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 wail states often necessary with prior memory technolo-
gies (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 s
salvaging defective memory devices would not work with
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.

The present invention addresses the problem of salvaging
partially defective synchronous memory devices. In one 6
embodiment of the present invention, multiple partially
defective SDRAM components are configured to provide a
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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. 1 is a block diagram of a prior art computer 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 is a block diagram of a partially defective SDRAM
component.

FIG. 4 is a memory map showing the localized nature of
defective memory cells in one embodiment of the present
invention.

FIG. 4A is a memory map showing defective memory
cells corresponding to a defect that differs 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 bits
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 of dynamic 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
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
the microprocessor’s memory access cycle to ensure that the
memory 12 is given a sufficient amount of time to carry 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 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 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 synchronized 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 5
24. Thus, in FIG. 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.

FIG. 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 1024
Kx83x2 SDRAM. The “8” in this description represents the
cight output lines, meaning the data width is 8 bits wide (the
granularity may also be eight bits). The “1024K” 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
SIMMs (Single In-line Memory Modules) or DIMMs (Dual
Inline Memory Modules), but any other appropriate pack- 20
aging 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 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 1024K 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
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 All.

The SDRAM component shown in FIG. 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 FIG. 3, data outputs DQ2 to DQ5 are
defective, whereas data outputs DQO, DQ1, 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 DQS cannol.

FIG. 4 is a memory 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 s
present bad data. Defects in the silicon or impurities intro-
duced in the manufacturing process will often result in
defects like those illustrated in FIG. 4.

FIG. 5 is a schematic diagram of a memory module in one
embodiment of the present invention where multiple par-
tially defective SDRAM components are combined to create
a nondefective 512Kx64x2 memory module. The edge
connector 52 is connected to cach of the partially defective
512kx16x2 SDRAM components 54 to 59. Each of the
SDRAM components are defective in a manner similar to 6
that shown in FIG. 4. The SDRAM components 54, 55, 57,
and 58 each have four defective or unused DQ outputs (i.c.,
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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 (DQO to DQ7), and eight
reliable and nondefective DQ outputs. By using the twelve
nondefective DQ outputs from SDRAM components 54, 55,
57, and 58 and by using the eight nondefective DQ outputs
from SDRAM components 56 and 59, a 512Kx64x2
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 SDRAM components in FIG. 5 are addressed by
first presenting an eleven bit row address followed by an
cight bit column address. Thus, the memory address is
nineteen bits wide. An additional bit is presented at address
input A1l with the eleven bit row address to select one of the
two 512K memory banks within each SDRAM component.

FIG. 6 is a schematic of another embodiment of the
present invention, where sixteen partially defective 1024Kx
8x2 SDRAM components 72 to 87 are used to create a
1024Kx64x2 memory module. Each of the partially defec-
tive SDRAM components in FIG. 6 has four unreliable or
unused outputs (DQO to DQ3) and four nondefective outputs
(DQ4 10 DQ7). Using the four nondefective outputs from
cach of the sixteen SDRAM components provides a 64 bit
quad word data path.

The SDRAM components of FIG. 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 A1l
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 not
necessarily require any particular arrangement for the defec-
tive DQ outputs. For example, in FIG. 6, the defective DQ

5 outputs need not be the same for each component 72-87, and

the defective outputs may not be consecutive or symmetric.
As can be seen from FIG. 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 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 defective outputs in component 80
could come in any combination, and need not be DQO, DO1,
DQ2, DQ3. Rather, the defective outputs could be DQI1,
DQ4, DQ6, and DQ7, or any other combination.

FIG. 7 is a schematic of another embodiment of the
present invention, where sixteen partially defective IMx8x2
SDRAM components 92 to 107 are used to create a
1Mx64x2 memory module. Each of the partially defective
SDRAM components in FIG. 7 have four unreliable or
unused outputs and four nondefective outputs. This embodi-
ment differs from that in FIG. 6 in that the outputs DQO to
DQ3 are nondefective, whereas outputs DQ4 to DQ7 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 FIG. 7 are IMx8x2
components having two banks of 1Mx8 bit memory, it is
possible that they could be 2Mx8 bit components having
only a single bank of memory. In such an embodiment, the
components are addressed by first presenting a twelve bit
row address to the address 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 components
have (or are treated as having) only a single bank of memory.
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It is also possible that the memory components have more
than two banks of memory. In some more modem devices,
two bank select lines (e.g., BAO and BA1) 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 specifically described herein, are deemed 1o lie
within the spirit and scope of the invention and the following
claims.

What is claimed is:

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

presenting a row address (o the address inputs of each of

a plurality of partially defective SDRAM 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 cach of the SDRAM 5

components to provide a data path; and
communicating the data from the valid data outputs to a
MICroprocessor.
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 5

presenting a row address to SDRAM components mounted
on DIMMs.

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 5

inputs, and wherein each of the SDRAM components further
comprises a plurality of banks of memory that are addres-
sable by the address inputs, the method comprising the acts
of:
presenting a row address to the address inputs of each
SDRAM component;
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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 1o 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 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.
7. 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 SIMMs.
8. The method of claim 7, 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 DIMMs.
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 to the memory module and the
microprocessor to effect data access between the
memory module and the microprocessor.

10. The method of claim 9 firther 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 components with predetermined numbers
and arrangements of defective SDRAM data outputs for
assemble on predetermined, complementary memory mod-
ules.

12. The method of claim 9 wherein determining which
data outputs are defective includes testing SDRAM compo-
nents prior to assembling the SDRAM components on a
memory module.
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BE IT KNOWN THAT WE, Richard Weber, a Citizen of the United States and a resident
of Boise, Ada County, Idaho, and Corey Larsen, a Citizen of the United States and a resident of

Marsing, Owyhee County, Idaho, have invented certain new and useful improvements in

METHOD FOR RECOVERY OF USEFUL AREAS OF PARTIALLY DEFECTIVE

SYNCHRONOUS MEMORY COMPONENTS

of which the following is a specification.
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TITLE: METHOD FOR RECOVERY OF USEFUL AREAS OF PARTIALLY
DEFECTIVE SYNCHRONOUS MEMORY COMPONENTS

A ;
/yb% FIELD OF THE INVENTION

The present invention relates generally to the use p!;rtially defective synchronous memory
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 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

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 uwpon to provide a consistent and accurate
representation of the information in the storage cell. )

Techniques have been developed for salvaging the non-defective portions of defective
asynchrono.us‘ 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 microprocessor's clock. This

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

TA3PM, March 5, 1958 : 2:
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technologies (e.g., DRAM), and it also allows for fast consecutive read and write capability.
However, no atternpts have been made to salvage non-defective portions of synchronous
memory. Some people skilled in the art may believe that the use of tcchniciucs for salvaging
defective memory devices would not work with 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. \

The present invention addresses the problem of salvaging partially defective synchronous
memory devices, In one embodiment of the 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 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 ﬂescription of the invention,

to the appended claims, and to the several drawings herein.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram of a prior art computer system using a wait state control device
with DRAM memory chips. '
Figure 2 is a block diagram of a computer 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.

1:53PH, March 5, 1998 3.
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Figure 5 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 bit 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 ma'in memory 12. In the system shown, main memory 12 is made up,.~
of dynamic random access memory (DRAM). Also shown in Figure 1 is a wait state control device\l
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 thelmicroproccssor's memory access
cycle to ensure that the memory 12 is given a sufficient amount of time to carry out the memory
(read/write) 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 prescnted.to the DRAM device 12
change relatively slowly-compared to the rate at which the clock changes.

Figure 2 sdes a block diagram of a computer system in one embodiment of the present
invention, where the computer 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 Figure 1, the main memory in Figure 2 is made up of one or more SDRAM chips,
and the SDRAM 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 clock 20 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.

153F M, Mareh 3, 1998 4.
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Figure 3 is a block diagram of a partially defective SDRAM component 26 having twelve
address inputs AO to All, and eight data outputs DQO to DQ7. The component 26 is a 1024K x 8
% 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 "1024K" 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 SIMMs (Single In-line Memory Modules) or DIMMs (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

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 AO 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 1024K 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 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 All.

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 DQS5 are defective, whereas data outputs DQO, DQ1, 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 DQS5 cannot. .

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 éclgc connector 52 is connected to each of the
partially defective 512k x 16 x 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, ’
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 (DQO to DQ7), and eight reliable and nondefective DQ outputs. By using the twelve
nondefective DQ outputs from SDRAM components 54, 55, 57, and 58 and by using the eight
nondefective DQ outputs from SDRAM components 56 and 59, a 512K x 64 x 2 memory module
can be constructed from the six partially defective SDRAM components as shown in Figure 5.

In a manner similar 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 A11 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 x 8 x 2 SDRAM components 72 to 87 are used to create a 1024K x 64 x
2 memory module. Each of the partially defective SDRAM components in Figure 6 has four
unreliable or unused outputs (DQO 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 A11 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 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 72-87, 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. Itis possibie 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 appropriate. Similarly, the
defective outputs in component 80 could come in any combination, and need not be DQO, DQ1, .~
DQ2, DQ3. Rather, the defective outputs could be DQI1, DQ4, DQ6, and DQ7, or any othey
combination.

Figure 7 is a schematic of another embodiment of the present invention, where sixteen
partially defective 1M x & x 2 SDRAM components 92 to 107 are used to create a 1M x 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 nondefective, whereas outputs DQ4 to DQ7 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 8 bit components having only a single
bank of memory. In such an embodiment, the components are addressed by first presenting a twelve
bit row address to the address inputs AO to All, followed by a nine bit column address, which is
presented at address inputs AQ 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 compbnents have more than two banks of memory. In
some more modern devices, two bank select lines (e.g., BAO and BA1) 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.
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1 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
3 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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What is claimed is:

1. A method of accessing a mémory module comprising the acts of:
presenting a row address to the address inputs of each of a plurality of partially defective
SDRAM components that have at least on¢ unreliable data output, and that also have a-plurality of

valid data outputs, wherefn the valid data outputs are data outputs that provide reliable and accurate

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 cdmponents 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 row address
to SDRAM components mounted on DIMMs. '

5. A method of accessing memory/cells in a mémory module having a plurality of SDRAM
components, each of the SD.

of the SDRAM compone:

components having a plurality of address inputs, and wherein each
further comprises a plurality of banks of rﬁemory that are addressable
by the address inputs, the method comprising the acts of:

1:53PM, March 5, 1998
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1 presenting a row address to the address inpufs of each SDRAM component;

presenting a column address to the agdfess inputs of each SDRAM component;
3 selecting one of the plurality of hafiks within each SDRAM component by presenting at least
one selection bit at the address ipguts when the row address is presented to the address inputs,
_ ya/ wherein each of the SDRAM ebmponents is partially defective such that each SDRAM components
has at least one unreliablg‘data output, and also ai;lurality of valid data outputs that provide reliable
7  and accurate data; ) H
aggregaifig the valid data outputs of each of the SDRAM components to provide a data patﬁ;

9 and '
mmunicating the data from the valid data outputs from each of the SDRAM components

to thg’microprocessor.

13 6. The method of claim 5, wherein the act of presenting a row address includes the act of preseﬂﬁng
a row address to the address inputs of partially defective SDRAM compoenents, 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

17 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 plurality of partially defective SDRAM components includes the act of presenting a row address
21 to SDRAM components mounted on SIMMs.

23 8. The method of claim 7, 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
25 to SDRAM components mounted on DIMMs. '

-

) @%{(
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ABSTRACT
Memory module using partially defective synchronous memory devices, such as SDRAM
components. Multiple partially defcctch SDRAM components are configured to provide a reliable
and nondefective memory module that takes advantage of the manner in which defective cells are
localized on each SDRAM component.
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nAppilcalLun Number and Fl1mg Date have been assigned tothis appiication. The items Indicated befow, however, aj%rnlssmg Appllcan‘t
s given TWO,MONTHS FROM THE DATE OF THIS NOTICE iwithin which to fi le &l required items and pay fees required below to avoid
-abandonmerit: Extensions of time may be ablained by fiing a petition accompanied by the extension ‘fee under the provisions of 37 GF|
1:136(a). If any of items 1 or 3 through 5 are indicated as missing, the SURCHARGE set forth in 37 CFR 1.16(e) of (] $65.00forasmall,
entity in:compliance with 37 CFR 1.27, or ﬁﬂ 30,00 !nr a nm-srnal! entity, must'also betimoly submitted in reply to mns NOTICE?
fo. avold abandonrnen.. co —

: If alf requf_red items on this.form are fijed within the pcrfoi:f }er abm the Iata! amaunt awed ‘by applicant as a
O small entity (statement filed) S-non-smalf anmyl' ___»_\g_a_?__?____ .
1. The statutory basic f:lmg fee Is: :
! 0 - missing.
Q insufficient, )
“Applicant must submit §
) | such status (37 CFR 1.27).
0e Additional clalm fees of Jnl::luding any mmﬂple dependent clalmlqes are required.

3 _ for__ feny mdependent ciam over 3.
L for i depeMeMelaims over 20.

'3 for rnuﬂlple dapend&nt claim surcharge i
Applicant must aither submit the ada‘f&m&f claim fees or.cancel add!ﬂana-‘ claims for which fees ara d'
18 3. The oath or declaration:
" [ ismissing or unexecuted.
[J does not cover the newly submitted items. -
O does niot identify the application o which it applies.
O does not mc!uﬁ& tha city and state or foreign-country of appilcani s rea:d-encs

! the above Application Number and Filing Date is requmeu?

d

O fn The signature(s) 1o the oath or declaration is/are by a person other lhan inventor wperson qua!liied under 37 CFR 1.42, j
¥ 1,43 or 1.47. 2 A
A properly signed dath or declaration in compliance m#: 37 CFR 1. 63, !dém‘w the applicaticn by the above i 4
Appircarrun Number and thg Dara is raqu!red - oot

f Ar.- oaih or dec.'arafran in compbance with 37 CFR 1. Gsfiéﬂng' 16 naifiés ol &l invantars 'andsr?n@d by the onﬂﬂed
i/svanfar{s) identifying this application by the above Application Number’ and Filing Date, is requi ik
817%.$50.00 processing fee is required since your check was !eturned without paymant (37 CFR 1 21’“{] .
i You?‘nllng receipt was mailed in error because your-check was rsatumed wltﬁuut payment. !
O 8.The apphcainon does not comply-with the Sequence Rulés: . ) )

2e attached "Notice to Comply-wih Soquence Fues 37 CFF 1.821-1. 625" cnf B \ -

-9, OTHER: -
Dueqt the reply and any quashons about lhls noﬂce o "Auenuon Box Mussmg Pans
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AUG 171898 i
& . Docket: 6235

& 03D0
NITED STATES PATENT AND TRADEMARK OFFICE

Applicant:  Richard Weber and Corey Larsen
Serial No.: ~ 09/035,739

Filing Date:  March 5, 1998

Title: Method for Recovery of Partially Defective Synchronous Memory Components
FILING OF MISSING PARTS ' . 4
OF APPLICATION UNDER 37 CER §1.53

Assistant Commissioner for Patents
Attention: Box Missing Parts
Washington, D.C, 20231
" Dear Sir:
In response to the Notice To File Missing Parts of Application--Filing Date Granted,
mailed June 12, 1998, pursuant to 37 CFR § 1.53(f) enclosed are the following:
1 Required copy of the Notice to File Missing Parts of Application;

2. Signed Declaration; and

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

8/19/1936 MPEOPLES 00000040 09035739
1 FC2105 130.00 0P

1 hereby certify that the document is being deposited
with the United States Postal Service as first class mail
in an enudope addmsscd to: Assistant Commissioner
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overpayment ass

this letter is enclosed for that purpose.

Date: /%7.7" (7¢E

mmissioner 1s fereby authorized to charge any underpayment or credit any

g
With this communication to Deposit Account No. 04-1420. A copy of

Respectfully submitted,

%Lﬂ : -

Stuart R. Hemphill (Reg No. 28,084)
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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Docket: 6235

STATES PATEN'T AND TRADEMARK OFFICE

Applicant:  Richard Weber and Corey Larsen
Serial No.:  09/035,739
Filing Date: March 5, 1998

Title: Method for Recovery of Partially Defective Synchronous Memory Components

FILING OF. MISSING PARTS
OF APPLICATION UNDER 37 CFR §1.53(1)

|

Assistant Commissioner for Patents
_Attention: Box Missing Parts
Washington, D.C. 20231

Dear Sir:

In response to the Notice To File Missing Pﬁ of Application--Filing Date Granted,
mailed June 12, 1998, pursuant to 37 CFR § 1.53(f) enclosed are the following:

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

2, Signed Declaration; and

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

1 hereby certify that the document is being deposited
with the United States Postal Service as first class mail
in an envelope addressed 10: Assistant Commissioner

76




this letter is enclosed for that purpose.

Mes. 7 (598

Date:

uthorized to charge any underpayment or credit any

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

Respectfully submitted,

L2 )

Stuart R. Hemphill (Reg. No. 28,084)
Dorsey & Whitney LLP i
Pillsbury Center South

220 South Sixth Street

Minneapolis, Minnesota 55402-1498
Telephone: 612-340-2734

Attorney for Applicant
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. umnzn*smd?é DEPARTVENT OF COMMERCE
- Patent and Trademark Office -
| Address: COMMESIDNEH OF F'ATENTS AND TRMEWRKS o

NOTICE T0 FILE MISSING PARTS OF APPLICATION L
> g ] F,m"g %ﬂb G‘?nfeds v B &oad Gt e ,i% :

-An Applncajlon Number and Filing Date have| been ass1gnet! to this applicatien.- The ilems |nd|caled below, huwever. are missing, Appllcant 5
Is given TWO MONTHS FROM THE DATE OF THIS NOTICE within which to file all required items and pay fees required below to avoid - '
" abandonment. Extensions of ime.may be obfained by.filing a petition accompanied by the extension fee under the provisions of 37 CFR ¢
. 1.138(a). liany of items 1 or3through 5 are indicated as misging, the SURCHARGE set forth in 37 CFR 1. 16(e) of (] $65.00 for a small -
snlﬂv in compliance with 37 CFR 1. 27 or | 130.00 foranun-sqaall anmy, musi also be tnrndy submitted in raplyw mis NOT!CE
‘o a\mld abnndonmen!

|r|depehdent dalms over 3,
3 for- ) dependent cLeims over20. ! .

8 for multiple dependent claim surcharge.
Applicant must either submit the additional claim fees or cancel additional claims for which faes are due. P

[ﬁ’ 3. gne oath or declaration: 7

is missing or unexecuted. . 5
does not cover the newly submitted items. . :
O does not identify the application to which it applies. - 5 gl
© O does not include the city and state or foreign country of applicant’s residence.
* -An oath or declacation in compliance with 37 CFR 1. 63, fncn'uo‘mg residence hfqmwl':on andadamrfymg rhe applicahon by :

. '+ the-above: -Applicétioh Nomber and Filing Déte i e p S el
" [ 4. The signature(s) to the oath or dscte.rahan ‘is/are by a person other than inventor or psl’sol‘l qualified undar 37 CFR 1 42
: 1.43 or 1.47. i
A properly signed oath or decfaramn in oomp!ranca wfm 37CFR 1.65, :danﬂfy.‘ng the app-'rcar:on by i‘he above - x ¥
: Appd‘.rcahon Number and Filing Date, is required. vl g T W
0O 5. The srgnatura of the follmng joint mvenlcr(s) is mlesmg Irom,lhe oath ’9r dedarallon v P
— ﬁ g — i

Anoath or dec!aranon in comphanw w.‘rh 37 CFR 133 hsimg }hé names of all invsntors and signed by the a:mrred R
mvenror(s) identifying this application by I'he above. Acpﬂcarfbn Number and Filing Date, is required. F

D 6.A $50 00 proceselng lee is requued smc‘e your, check r.eiurned \M'thout payment (37 CFR1.21 (m])
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GEARATION 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 my
name.

Tbelieve Tam the original, first and sole inventor (if only one name is listed below)
or an original, first and joint inveritor (if plural names are listed below) of the subject matter which

is claimed and for which a patent is sought on the invention entitled “Method for Recovery of e

_ Partially Defective Synchronous Memory Components”, the specification of which
o is attached hereto.

4 was filed on _March 5. 1998 as United States application number
09/035,739  and amended on _(NA) ..

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;

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

1 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.

Thereby state that Thave reviewed and understand the contents of the above-identified
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.

1 hereby claim foreign priority benefits under Title 35, United States Code, Section
119(a)-(d) or Section 365(b) of any foreign application(s) for patent or inventor's certificate, or
Section 365(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 application(s) on which priority is claimed:
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FOREIGN APPLICATION(S)

Number Country day/month/year filed | Priority Claimed
NA '

I hereby claim the benefit under Title 35, United States Code, Section 119(e) of any
U.S. provisional application(s) listed below:

U.S. PROVISIONAL APPLICATION(S)

Application Serial No. _ Filing Date

NA

1 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
manner provided by the first paragraph of Title 35, United States Code, Section 112, I acknowledge
the duty to disclose te 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. APPLICATION()

Application Serial No. Filing Date Status

NA

I hereby appoint the following attoreys and/or 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. Fronek (25,678), Joseph F. Haag (P 42,612);
Stuart R. Hemphill (28,084), Eugene L. Johnson (21,028), Kenneth E. Levitt (39,747), Niall A.

MacLecod (P41,963), Erik Nordstrom (39,792), Devan Padmanabhan (38,262), Gerald H. Sullivan

(37,243), Jon F. Tuttle (25,713) and Mark A. Wolfe (36,311).

80

e,

-




