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A memory device module in a pack-
age having externally accessible contacts |
includes multiple integrated memory cir- |
cuits accessible to external circuitry exclu- I

!

sively through the contacts. An accessing

circuit for each memory circuit accesses
memory cells in the memory circuit for
communication with the external circuitry.
Each accessing circuit can be enabled to
access redundant memory cells instead of
inoperative memory cells by an enabling
signal. An enabling circuit for each ac-
cessing circuit can output the enabling sig-
nal in response to receiving a unique set of
input signals from external circuitry. Each
unique set is selected with fuses in each
enabling circuit, and includes row and col-
umn address strobe signals and a data sig-
nal. Upon receiving its unique set, one
of the enabling circuits advantageously en-
ables its associated accessing circuit to ac-
cess redundant memory cells without the
accessing circuits of the other memory cir-
cuits also being so enabled.
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Description

CIRCUIT AND METHOD FOR ENABLING A FUNCTION IN
A MULTIPLE MEMORY DEVICE MODULE

Field of the Invention

This invention relates in general to integrated memory circuits, and
in particular to circuits and methods for enabling function circuits such as
redundant memory cells in integrated memory circuits.

Background of the Invention

In conventional memories, multiple integrated memory circuits are
sometimes packaged together in a module referred to as a multiple memory
device module. For example, multiple integrated memory circuits implemented
on one or more dies can be packaged together in a multiple memory device
module such as a single in-line memory module (SIMM), a dual in-line memory
module (DIMM) and a multi-chip memory module (MCM). Of course, other
package types also work.

Each integrated memory circuit in a multiple memory device
module typically has one or more optional function circuits which can be enabled
if necessary. For example, a redundant memory cell in an integrated memory
circuit can be enabled to replace an inoperable memory cell having an address
which is typically determined during the manufacturing process. Another typical
optional function circuit allows for fine tuning of the component values of circuit
elements such as resistors and capacitors in an integrated memory circuit. These
redundant memory elements or other optional function circuits are typically
enabled by opening laser fuses or shorting anti-fuses. For this reason, the
redundant elements or function circuits are generally enabled at the chip level
before the chip has been placed in a module. If a defect is found in a memory
chip once the chip has been placed in a module, either the memory chip must be
removed from the module for enabling the redundant elements or function
circuits or the redundant elements or function circuits must be enabled for all
chips on the module. For these reasons, memory device repair and the selection
of optional functions once memory chips have been assembled together in a
module has not been feasible for individual memory chips.
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One approach to enabling a function circuit in an integrated
memory circuit packaged along with other integrated memory circuits in a
multiple memory device module might be to apply a high voltage to one of the
input terminals of the module. The high voltage would then generally be strobed
into the module with an address strobe signal such as CAS, and would be applied
to each integrated memory circuit in the module which shares the same address
strobe signal. Within each integrated memory circuit receiving the high voltage,
programmable elements, such as anti-fuses, would be blown by the high voltage
to enable the desired function circuit.

Thus, for example, if the high voltage was applied to the inputs of a
multiple memory device module receiving both a CAS/ signal and a CAS2 signal,
and the high voltage was then strobed into the module with the CAS! signal, then
the high voltage would be applied to each integrated memory circuit in the
module which shares the CAST signal. As a result, the desired function circuit
would be enabled in each integrated memory circuit which shares the CAS/
signal. Of course, the CAS! signal could only go to one integrated memory
circuit, in which case only the desired function circuit in that integrated memory
circuit would be enabled. ’

For the above reasons, it does not appear to be possible to enable a
desired function circuit in only one integrated memory circuit in a multiple
memory device module. In a typical multiple memory device module, each
integrated memory circuit has its own memory array which includes memory
cells arranged in rows and columns and associated redundant memory cells
typically arranged in rows. If a memory cell in a row in one of the integrated
memory circuits is inoperable, then the above-described approach to repairing the
inoperable memory cell would be to replace the row it is in with an associated
row of redundant memory cells. At the same time, however, this approach would
also replace operable memory cells in the other integréted memory circuits in the
multiple memory device module with their associated rows of redundant memory
cells. Consequently, in a multiple memory device module having two integrated
memory circuits which share the same CAS signal, a row in one of the integrated
memory circuits would be replaced with an associated redundant row despite the
fact that the replaced row is not faulty.

This inability to isolate a faulty row in a single integrated memory
circuit in a multiple memory device module for replacement would reduce the
rate of success for repairing multiple memory device modules, since each repair
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would cause many operable standard memory cells to be unnecessarily replaced.
Thus, for example, in a multiple memory device module having eight integrated
memory circuits, repairing one inoperable standard memory cell would result in
the replacement of one row of standard memory cells in each of the eight
integrated memory circuits with an associated redundant row. If there is a 99%
chance associated with each redundant row that it does not contain an inoperable
memory cell, then there is a 0.99° or only a 92% chance that all eight redundant
rows do not contain inoperable memory cells. During a typical manufacturing
run of thousands of multiple memory device modules, the difference between a
99% rate of successful repair and a 92% rate is obviously of great significance.

Therefore, there is a need in the art for a circuit and method for
advantageously enabling a function circuit, such as a redundant memory cell, in
only one of the integrated memory circuits in a multiple memory device module.
Such a circuit and method should, when used to repair multiple memory device
modules with inoperable standard memory cells, provide an increased rate of
successful repair.

Summary of the Invention

An inventive memory device module-has a plurality of integrated
memory circuits each operatively coupled to a communication coupler in the
package for communicating with circuitry external to the package. Each
integrated memory circuit receives a plurality of input signals including at least
one address strobe signal, addresses, and other input signals from external
circuitry. The inputs may be received through externally accessible contacts, or
from a contactless interface such as a radio frequency or optical signal interface.
The module also includes an enabling circuit, preferably including a NAND gate,
corresponding to each of the integrated memory circuits. Each enabling circuit is
operatively coupled to its respective integrated memory circuit to receive at least
some of the input signals. Each enabling circuit is uniquely responsive to a
corresponding set of the input signals by outputting an enabling signal. Each set
includes at least one of the other input signals. The module further includes a
function circuit corresponding to each of the enabling circuits. Each function
circuit is enabled by receiving an enabling signal from its respective enabling
circuit. Preferably, the function circuits are redundant memory cells.
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In this manner, the respective function circuit of one of the
integrated memory circuits is advantageously enabled without the respective
function circuits of the other integrated memory circuits being enabled.

Brief Description of the Drawings

Figure 1 is a block diagram of a preferred computer system
according to the present invention including a memory device module.

Figure 2 is a block diagram of the memory device module of Figure
1 including integrated memory circuits.

Figure 3 is a block diagram of one of the integrated memory
circuits of Figure 2 including an enabling circuit.

Figure 4 is a block, schematic and logic diagram of the enabling
circuit of Figure 3 including fuse circuits and pass gates.

Figure 5 is a schematic diagram of the fuse circuits of Figure 4.

Figure 6 is a schematic diagram of the pass gates of Figure 4.

Detailed Description of the Invention

In a preferred embodiment of the present invention shown in
Figure 1, a computer system 10 includes an input device 12, such as a keyboard,
and an output device 14, such as a CRT monitor, both of which are operatively
coupled to a conventional processor 16. The computer system 10 further

includes a multiple memory device module 18 operatively coupled to the
processor 16. It will be understood by those with skill in the field of this
invention that the present invention is applicable to any multiple memory device
module, including those that comprise dynamic random access memories
(DRAMEs) or static random access memories (SRAMs).

One embodiment of the memory device module 18 of Figure 1 is
shown in more detail in Figure 2. It includes a plurality of integrated memory
circuits 20a and 20b operatively coupled to the processor 16 (not shown) to
receive address strobe signals R4S and CAS and addresses A<0:9> from the
processor 16 (not shown), and to transfer data signals DQ</:8> to and from the
processor 16 (not shown).

One of the integrated memory circuits 20a of Figure 2 is shown in
more detail in Figure 3. It includes an enabling circuit 22 which provides an
enabling signal 24 in response to receiving a set of signals which is unique to the
enabling circuit 22. Preferably, the enabling circuit 22 is uniquely responsive to
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receiving a set of signals including the address strobe signals R4S and CAS and a
data signal such as DQI. Of course, the set of signals could also include any one
of the data signals DQ<2:4> instead of DQI, but it will be understood that the
set of signals does not have to include RAS, CAS, or any one of the data signals
DQ<I:4>. Likewise, an identical enabling circuit in the other integrated
memory circuit 20b (not shown) is preferably uniquely responsive to receiving a
set of signals which includes the address strobe signals R4S and CAS and a data
signal such as DQ5 by also providing an enabling signal. Of course, the set of
signals could include any one of the data signals DQ<6:8> instead of D05, but
does not have to include RAS, CAS, or any of the data signals DO<5:8>. In this
manner, either enabling circuit can be uniquely identified and caused to provide
its enabling signal if desired. The enabling circuit 22 will be described in more
detail below with respect to Figures 4, 5 and 6.

An accessing circuit 26 receives the enabling signal 24. The
accessing circuit 26 includes row and column decoders, data buffers, and sense
amplifiers, and is coupled to a memory array 28 by 1024 row enable lines, 1024
column enable lines, and a 4-bit data bus. The memory array 28 includes both
memory cells 30 and redundant memory cells 32. The accessing circuit 26 can
access memory cells 30 selected according to a received address 4<0:9> for
writing or reading data signals DQ<I:4> to or from the memory cells 30,
respectively.

The accessing circuit 26 may be programmed upon receipt of the
enabling signal 24 and a received address 4<0:9> corresponding to a memory
cell 30 known to be inoperable to access one of the redundant memory cells 32
instead of the inoperable memory cell 30 when it receives the address 4<0:9> of
the inoperable memory cell 30. The accessing circuit 26 may be programmed by
blowing fuses or anti-fuses to disable accessing of the inoperable memory cell 30
and to enable accessing of the redundant memory cell 32. The anti-fuses may be
blown with a high voltage, such as 12 volts, received on an address signal line,
such as A8. Although the present invention is described with reference to
enabling a redundant memory cell, it will be understood that the claims are not -
limited to redundant memory cells, but rather include within their scope any
function circuit in an integrated memory circuit which it is desirable to enable.

One embodiment of the enabling circuit 22 of Figure 3 is shown in
more detail in Figure 4. It includes a plurality of fuse circuits 34 providing
output signals to a plurality of pass gates 36 when it is interrogated by receiving
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a row address strobe RAS signal. Each of the fuse circuits 34 is associated with
one of the input signals such as RAS, CAS and DQ<1:4>. Preferably, each of
the fuse circuits 34 includes a metal or polysilicon fuse which can be blown by a
laser during manufacturing to cause each of the fuse circuits 34 to provide an
output signal to enable the input signal associated with a respective one of the
fuse circuits 34 to be one of the signals in the set of signals to which the enabling
circuit 22 is uniquely responsive. Of course, each fuse circuit 34 could
alternatively include electrically programmable fuses or anti-fuses. The fuse
circuits 34 will be described in more detail below with respect to Figure 5.

Each of the pass gates 36 is also associated with one of the input
signals such as R4S, CAS and DQ<I:4>, and each of the pass gates 36 receives
the output signal of a respective one of the fuse circuits 34 associated with the
same input signal. Each of the pass gates 36 is adapted to enable its associated
input signal as one of the signals in the set of signals of the enabling circuit 22
upon receiving an output signal from a corresponding one of the fuse circuits 34.
As a result, the input signals in the set of signals used to uniquely identify the
integrated memory circuit 20a (not shown) can be selected during manufacturing
by blowing the fuse circuits 34 associated with the desired input signals. The
pass gates 36 will be described in more detail below with respect to Figure 6.

The pass gates 36 provide inputs 37 to a NAND gate 38. Some of
these inputs 37 are permanently enabled by the pass gates 36, and are thus high.
The rest of the inputs 37 are the signals selected by the fuse circuits 34 to be in
the set of signals to which the enabling circuit 22 is uniquely responsive. Thus,
for example, if the fuse circuits 34 are blown so as to provide output signals to
the pass gates 36 which cause the pass gates 36 to enable the input signals RAS,
CAS and DQ1 as signals in the set of signals of the enabling circuit 22, then the
NAND gate 38 receives RAS, CAS, DQ1 and three permanently high signals as
its inputs 37.

In an alternate embodiment, a fixed set of input signals may be
selected such as the RAS, CAS and DQI combination described above. In this
case, the fuse circuits 34 and pass gates 36 are not required, and NAND gate 38
may be a three input NAND gate which receives the R4S, CAS and DQ1 signals.
For memory modules where each memory integrated circuit receives a unique
combination of RAS, CAS and DQI, the enabling circuit of each memory
integrated circuit may be uniquely addressed. A unique combination of RAS,
CAS and DQ1 signals will result when each memory integrated circuit DQ pin is
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uniquely coupled to a module data pin. In the memory module of Figure 2, for
example, the DQ1 input of memory device 20a is coupled to data bus signal DQ/
and the DQ/ input of memory device 20b is coupled to data bus signal DQ5. A
unique combination will also exist when there are multiple RAS or CAS signals
and a unique RAS and CAS combination is used whenever the DQ/ input of two
memory integrated circuits are coupled to a common module data pin.

In operation, when RAS, CAS and DQ1 all go high, then the output
of the NAND gate 38 goes low. As a result, the output of an inverter 40 goes
high and turns on an NMOS transistor N1. A high value on an address bit 49
turns on diode-connected NMOS transistors N2, and a high value is thea applied
as an input to an inverter 42. The output of the inverter 42 then goes low and the
enabling signal 24 consequently goes low. At the same time, the low output of
the inverter 42 turns off an NMOS transistor N4 and thus provides hysteresis by
disabling one of the two pull down paths for the input of the inverter 42.

When either RAS, CAS or DQI goes low, the output of the NAND
gate 38 goes high and the output of the inverter 40 goes low. As a result, the
NMOS transistor N1 turns off and the NMOS transistors N3 pull the input of the
inverter 42 low. The output of the inverter 42 and the enabling signal 24 then go
high, causing the NMOS transistor N4 to turn on to provide hysteresis through
the NMOS transistors N3 by helping to pull the input of the inverter 42 low.

The fuse circuits 34 of Figure 4 are shown in more detail in
Figure 5. In operation, a control signal, which may be RAS, is applied at the
gates of NMOS transistors N5 to turn them on. At the same time, an inverter 44
receives the control signal at its input and provides a low voltage at its output to
the gates of PMOS transistors P1 and P2, which turn on as a result. In this
condition, the inputs to inverters 46, 48, 50, 52, 54 and 56 are low because of the
relative W/L ratios of transistors N5, P1 and P2. As a result, the outputs of the
inverters 46, 48, 50, 52, 54 and 56 go high, causing the outputs of inverters 58,
60, 62, 64, 66 and 68, and output signals FUSE RAS, FUSE CAS, FUSE_DQlI,
FUSE_DQ2, FUSE DQ3 and FUSE_DQ4, to go low. At the same time, the high
output of the inverters 46, 48, 50, 52, 54 and 56 causes output signals
FUSE RAS* FUSE CAS* FUSE _DQI* FUSE DQ2* FUSE_DQ3* and
FUSE _DQ+* to go high, and causes the outputs of inverters 70, 72, 74, 76, 78
and 80 to go low to provide hysteresis by helping to pull the inputs to the
inverters 46, 48, 50, 52, 54 and 56 low.
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In order, for example, to enable input signals RAS, CAS and DQI
as the set of signals to which the enabling circuit 22 (not shown) is uniquely
responsive, fuses F1, F2 and F3 are blown during manufacturing while fuses F4,
F5 and F6 are left intact. When the fuses F1, F2 and F3 are blown, and R4S is
applied, the PMOS transistors P1 pull the inputs to the inverters 46, 48 and 50
high (since the fuses F1, F2 and F3 no longer provide a path to ground through
the transistors N5), causing the outputs of these inverters to go low. As a result,
the output signals FUSE_RAS*, FUSE_CAS* and FUSE _DQ1* also go low. The
low outputs of the inverters 46, 48 and 50 applied to the inputs of the inverters
70, 72 and 74 causes their outputs to go high, thereby providing hysteresis by
helping the PMOS transistors P1 pull their drains high. At the same time, the
low outputs of inverters 46, 48 and S0 cause the outputs of inverters 58, 60 and
62, and the output signals FUSE_RAS, FUSE_CAS and FUSE _DQ1, to go high.

The pass gates 36 of Figure 4 are shown in more detail in Figure 6.
The high FUSE_RAS, FUSE _CAS and FUSE DQ1 output signals from the fuse
circuits 34 (not shown) turn NMOS transistors N6 on and PMOS transistors P3
off. At the same time, the low FUSE_RAS* FUSE CAS* and FUSE DQI*
output signals from the fuse circuits 34 (not shown) turn NMOS transistors N7
off and PMOS transistors P4 on. With the NMOS transistors N6 and the PMOS
transistors P4 on, the RAS, CAS and DQI input signals are passed through the
pass gates 36 as inputs to the NAND gate 38 (not shown) and as the signals
uniquely identifying the integrated memory circuit 20a (not shown).

Conversely, the low FUSE_DQ2, FUSE DQ3 and FUSE DQ4
output signals from the fuse circuits 34 (not shown) turn NMOS transistors N8
off and PMOS transistors P5 on. At the same time, the high FUSE RAS*,
FUSE _CAS* and FUSE _DQ1* output signals from the fuse circuits 34 (not
shown) turn NMOS transistors N9 on and PMOS transistors P6 off. With the
NMOS transistors N9 and the PMOS transistors PS on, the supply voltage V, is
passed through the pass gates 36 as inputs to the NAND gate 38 (not shown).
The input signals DQ2, DQ3 and DO+ are not passed through the pass gates 36
as inputs to the NAND gate 38 (not shown) because NMOS transistors N8 and
PMOS transistors P6 are off. In an alternative embodiment, NMOS transistors
N7 and N9 may be omitted.

The present invention thus advantageously provides a circuit and
method for enabling a function circuit such as a redundant memory cell in one of
the integrated memory circuits in a multiple memory device module. The circuit
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and method also advantageously provide an increased rate of successful repair
when used to repair multiple memory device modules with inoperable standard

memory cells.
Although the present invention has been described with reference

to a preferred embodiment, the invention is not limited to this preferred
embodiment. Rather, the invention is limited only by the appended claims,
which include within their scope all equivalent devices or methods which operate
according to the principles of the invention as described.
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Claims

1. A memory device module comprising:

a plurality of integrated memory circuits each receiving a plurality of
input signals including at least one address strobe signal, addresses, and other input
signals from external circuitry;

a plurality of enabling circuits each corresponding to one of the
integrated memory circuits, each enabling circuit operatively coupled to its respective
integrated memory circuit for receiving at least some of the input signals, each
enabling circuit being uniquely responsive to a corresponding set of the inpyt signals
by outputting an enabling signal, each enabling circuit’s corresponding set of the input
signals including at least one of the other input signals; and

a plurality of function circuits each operatively coupled to a
corresponding one of the enabling circuits, each function circuit being enabled by
receiving the enabling signal from its respective enabling circuit, whereby the
respective function circuit of one of the integrated memory circuits can be enabled
without the respective function circuits of the other integrated memory circuits being
enabled.

2. The memory device module of claim 1, further comprising a
plurality of contacts accessible through direct electrical contact by external circuitry
wherein each of the input signals is coupled to at least one of said contacts.

3. The memory device module of claim 1 wherein each integrated
memory circuit is provided on a die, each integrated memory circuit’s die being
separate from the other integrated memory circuit’s dies.

4. The memory device module of claim 1 wherein each enabling
circuit comprises a NAND gate.

5. The memory device module of claim 1 wherein each enabling
circuit’s corresponding set of the input signals includes a row address strobe signal, a
column address strobe signal, and a data signal.

6. The memory device module of claim 1 wherein each function
circuit comprises a redundant memory cell.
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7. The memory device module of claim 1 wherein the memory
device module has a programming mode and an active mode, wherein each integrated
memory circuit includes a memory array having a plurality of primary memory cells
and a plurality of redundant memory cells, wherein each function circuit comprises an
accessing circuit operatively coupled to the function circuit’s respective integrated
memory circuit for receiving addresses, each accessing circuit also being operatively
coupled to the memory array of its respective integrated memory circuit for accessing
in the active mode a primary memory cell selected in accordance with a received
address to communicate with external circuitry, each accessing circuit being adapted
to be modified in the programming mode by the enabling signal in accordance with a
received address corresponding to an inoperable primary memory cell in the accessing
circuit’s respective memory array to access in the active mode a redundant memory
cell in the memory array instead of the inoperable primary memory cell for
communication with external circuitry.

8. The memory device module of claim 1 wherein each enabling
circuit receives a plurality of the input signals, wherein each enabling circuit
comprises a plurality of fuse circuits each associated with a corresponding one of the
enabling circuit’s plurality of the input signals, each fuse circuit being adapted to
enable its corresponding input signal to be one of the input signals in the set of the
input signals to which the fuse circuit’s respective enabling circuit is uniquely
responsive.

0. The memory device module of claim 8 wherein each fuse circuit
is adapted to provide an output signal, wherein each enabling circuit further comprises
a plurality of pass gates each associated with a corresponding one of the enabling
circuit’s plurality of the input signals, each pass gate being operatively coupled to a
corresponding fuse circuit for receiving the fuse circuit’s output signal, each pass gate
being adapted to enable its corresponding input signal upon receiving its
corresponding fuse circuit’s output signal to be one of the input signals in the set of
the input signals to which the pass gate’s respective enabling circuit is uniquely
responsive.

10. The memory device module of claim 9 wherein each fuse circuit
includes an anti-fuse.
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11.  The memory device module of claim 1 wherein said enabling
circuits are incorporated within said integrated memory circuits.

12. The memory device module of claim 1 wherein said function
circuits are incorporated within said integrated memory circuits.

13. A computer system comprising:

an input device;

an output device;

a processor operatively coupled to the input and output devices; and

a memory device module housed in a package and communicating
through circuitry external to the package with the processor, the memory device
module comprising:

a plurality of integrated memory circuits each
receiving a plurality of input signals including at least one
address strobe signal, addresses, and other input signals;

a plurality of enabling circuits each corresponding
to one of the integrated memory circuits, each enabling circuit
operatively coupled to its respective integrated memory circuit for
receiving at least some of the input signals, each enabling circuit
being uniquely responsive to a corresponding set of the input
signals by outputting an enabling signal, each enabling circuit’s
corresponding set of the input signals including at least one of the
other input signals; and

a plurality of function circuits each operatively
coupled to a corresponding one of the enabling circuits, each
function circuit being enabled by receiving the enabling signal
from its respective enabling circuit, whereby the respective
function circuit of one of the integrated memory circuits can be
enabled without the respective function circuits of the other
integrated memory circuits being enabled.

14.  The computer system of claim 13, further comprising a plurality
of contacts accessible through direct electrical contact by external circuitry wherein
each of the input signals is coupled to at least one of said contacts.
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15. The computer system of claim 13 wherein each integrated
memory circuit is provided on a die, each integrated memory circuit’s die being
separate from the other integrated memory circuit’s dies.

16.  The computer system of claim 13 wherein each enabling circuit
comprises a NAND gate.

17.  The computer system of claim 13 wherein each enabling circuit’s
corresponding set of the input signals includes a row address strobe signal, 3 column
address strobe signal, and a data signal.

18.  The computer system of claim 13 wherein each function circuit
comprises a redundant memory cell.

19.  The computer system of claim 13 wherein the memory device
module has a programming mode and an active mode, wherein each integrated
memory circuit includes a metﬁory array having a plurality of primary memory cells
and a plurality of redundant memory cells, wherein each function circuit comprises an
accessing circuit operatively coupled to the function circuit’s respective integrated
memory circuit for receiving addresses, each accessing circuit also being operatively
coupled to the memory array of its respective integrated memory circuit for accessing
in the active mode a primary memory cell selected in accordance with a received
address to communicate with the processor, each accessing circuit being adapted to be
modified in the programming mode by the enabling signal in accordance with a
received address corresponding to an inoperable primary memory cell in the accessing
circuit’s respective memory array to access in the active mode a redundant memory
cell in the memory array instead of the inoperable primary memory cell for
communication with the processor.

20. The computer system of claim 13 wherein each enabling circuit
receives a plurality of the input signals, wherein each enabling circuit comprises a
plurality of fuse circuits each associated with a corresponding one of the enabling
circuit’s plurality of the input signals, each fuse circuit being adapted to enable its
corresponding input signal to be one of the input signals in the set of the input signals
to which the fuse circuit’s respective enabling circuit is uniquely responsive.
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21.  The computer system of claim 20 wherein each fuse circuit is
adapted to provide an output signal, wherein each enabling circuit further comprises a
plurality of pass gates each associated with a corresponding one of the enabling
circuit’s plurality of the input signals, each pass gate being operatively coupled to a
corresponding fuse circuit for receiving the fuse circuit’s output signal, each pass gate
being adapted to enable its corresponding input signal upon receiving its
corresponding fuse circuit’s output signal to be one of the input signals in the set of
the input signals to which the pass gate’s respective enabling circuit is uniquely
responsive.

22. The computer system of claim 21 wherein each fuse circuit
includes an anti-fuse.

23.  The computer system of claim 13 wherein said enabling circuits
are incorporated within said integrated memory circuits.

24.  The computer system of claim 13 wherein said function circuits
are incorporated within said integrated memory circuits.

25. A memory module comprising a plurality of integrated memory
circuits each receiving a plurality of input signals, including at least one address strobe
signal, addresses, and other input signals from external circuitry, each of said
integrated memory circuits including an enabling circuit receiving at least one of said
input signals and being uniquely responsive to said at least one input signal by
outputting an enabling signal, each of said integrated memory circuits further
including a function circuit coupled to said enabling circuit, said function circuit
altering or augmenting the operation of said integrated memory circuit responsive to
said enabling signal.

26. The memory module of claim 25, further comprising a plurality
of contacts accessible through direct electrical contact by external circuitry wherein
each of said input signals is coupled to at least one of said contacts.
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27.  The memory module of claim 25 wherein each of said integrated
memory circuits is fabricated on a semiconductor die each of which is physically
separate from the dies of other integrated memory circuits.

28. The memory module of claim 25 wherein said memory module
has a programming mode and an active mode, wherein each integrated memory circuit
includes a memory array having a plurality of primary memory cells and a plurality of
redundant memory cells, wherein each function circuit comprises an accessing circuit
operatively coupled to the function circuit’s respective integrated memory circuit for
receiving addresses, each accessing circuit also being operatively coupled to the
memory array of its respective integrated memory circuit for accessing in the active
mode a primary memory cell selected in accordance with a received address to
communicate with external circuitry, each accessing circuit being adapted to be
modified in the programming mode by the enabling signal in accordance with a
received address corresponding to an inoperable primary memory cell in the accessing
circuit’s respective memory array to access in the active mode a redundant memory
cell in the memory array instead of the inoperable primary memory cell for
communication with external circuitry.

29.  The memory module of claim 25 wherein said enabling circuit
receives a plurality of said input signals, wherein each enabling circuit comprises a
plurality of fuse circuits each associated with a corresponding one of the enabling
circuit’s plurality of the input signals, each fuse circuit being adapted to enable its
corresponding input signal to be one of the input signals in the set of the input signals
to which the fuse circuit’s respective enabling circuit is uniquely responsive.

30. An integrated memory circuit, comprising:

an array of memory cells;

an accessing circuit allowing external communication of address, data
and other signals with said array;

an enabling circuit receiving as input signals at least some of said
address, data and other signals, said enabling circuit being uniquely responsive to said
input signals by outputting an enabling signal; and

a function circuit coupled to said enabling circuit, said function circuit
altering or augmenting the operation of said array responsive to said enabling signal.
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31.  The integrated memory circuit of claim 30, further comprising a
plurality of contacts accessible through direct electrical contact by external circuitry
wherein each of said input signals is coupled to at least one of said contacts.

32. The integrated memory circuit of claim 30 wherein said
integrated memory circuit has a programming mode and an active mode, wherein said
memory array has a plurality of primary memory cells and a plurality of redundant
memory cells, wherein said accessing circuit is operatively coupled to said function
circuit for receiving addresses, said accessing circuit also being operatively coupled to
said memory array for accessing in the active mode a primary memory cell selected in
accordance with a received address to communicate with external circuitry, said
accessing circuit being adapted to be modified in the programming mode by the
enabling signal in accordance with a received address corresponding to an inoperable
primary memory cell in said memory array to access in the active mode a redundant
memory cell in the memory array instead of the inoperable primary memory cell for
communication with external circuitry.

33.  The integrated memory circuit of claim 30 wherein said enabling
circuit receives a plurality of said input signals, wherein each enabling circuit
comprises a plurality of fuse circuits each associated with a corresponding one of the
enabling circuit’s plurality of the input signals, each fuse circuit being adapted to
enable its corresponding input signal to be one of the input signals in the set of the
input signals to which the fuse circuit’s respective enabling circuit is uniquely
responsive.

34.  The integrated memory circuit of claim 30, further including a
programming circuit for selecting a combination of said address, data and other signals
to which said enabling circuit is to be uniquely responsive.

35. The integrated memory circuit of claim 30 wherein said
programming circuit may be programmed to select said combination of said address,
data and other signals after a plurality of said integrated memory circuits have been
combined and packaged in a memory module.

36. In a memory device module housed in a package, the memory
device module having a plurality of integrated memory circuits therein each receiving
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a plurality of input signals including at least one address strobe signal, addresses, and
other input signals from external circuitry, each integrated memory circuit having a
plurality of primary memory cells and a plurality of redundant memory cells, each
integrated memory circuit being adapted to be modified in accordance with a received
address upon receiving an enabling signal to access one of its redundant memory cells
instead of a primary memory cell associated with the received address, a method for
programming one of the integrated memory circuits to access one of its redundant
memory cells instead of a primary memory cell for communication with external
circuitry, the method comprising:

determining an address corresponding to an inoperable primary memory
cell in one of the integrated memory circuits;

providing the determined address to the integrated memory circuit;

selecting a unique set of the input signals to which the memory device
module responds by providing an enabling signal to the integrated memory circuit, the
set including at least one of the other input signals;

providing each of the input signals in the set to the integrated memory
circuit so that it receives the enabling signal, whereby the integrated memory circuit is
modified in accordance with the determined address to access a redundant memory
cell instead of the inoperable primary memory cell for communication with external
circuitry.

37.  The method of claim 36 wherein the step of selecting the unique
set of the input signals comprises, for each of the input signals which is to be in the
set, enabling the input signal to be in the set with a fuse.

38.  The method of claim 36 wherein the step of selecting the unique
set of the input signals comprises, for each of the input signals which is to be in the
set, enabling the input signal to be in the set with an anti-fuse.



WO 97/25674 PCT/US96/20113

72 i

INFUT ouTRIT
DEVICE DEVICE

? !

16
PROCESSOR /

|

/ 18
P MEMORY DEVICE |/
MODULE
Fig. 1
18
- - - - —
RAS 2a |
CAS
T—| A4S D9<t 4>

|

|

l |
| |
| . |
| —|cas  pper < |
| |
| > A<0:9> |
| |
|

|

S [ w0

| CAS <t

I

I

|

, <
| DPg<s:8>
S B P72

|

!




WO 97/25674

PCT/US96/20113

RAS ——————=={ R4S

——>| 49

CAS  ENABLINE .
crerr A <

l\/‘ZI
26

4<0:9> § >| 4<0-9>

20
HEHORY
| 02 ARRAY 8
28
}(/oz./ %0{)«-4)
ACCESSING

CIRCUIT oot <




PCT/US96/20113

WO 97/25674

3/5

o RAS'

FUSE
CIRCUITS
ilz
—CAS  pASS |
s opr <
Vee

i
Ne
Ne
74

T

Fig. 4



WO 97/25674

PCT/US96/20113

]
A
)
R
_[:—'0

P2 L{m L{w

_| -4
V74 72 73 V2] 75 V23 |
|
—|¥5 N5 | a5 —|p5| —|5] —|45 |
80
- 72 74 7 78 |
i
|
496 |
18 50 52 54 56 i
.56’\-5: X] |
[ 60 62 64 68 |
FUSE_RAS 66 :
FUSE_RAS* |
FUSE_CAS '
FUSE_CAS* ;
FUSE_ D1 |
FUSE_Dgr* :
FUSE_DQ2 1
FUSE D2+ |
FUSE_DQ3 :
FUSE_DO3* |
FUSE D94 1
FUSE_Dg4* !
|
I T T T T T T A T T i

EEERRREER



PCT/US96/20113

WO 97/25674

5/5

Ng
g
1

FUSE_Dg4*

FUSE_Dg4

FUSE_D@3*
FUSE_D@3

FUSE_DQ2*
FUSE_DQe

T T T 'T Lo

FUSE_DQr+
FUSE_DQ1

T

~

FUSE _C4S5*
FUSE_CAS

FUSE_RAS*

FUSE_RAS

'To e e

b — - —_— —_— —— —

—_— o — — — 4




INTERNATIONAL SEARCH REPORT

Int ional Applicaton No

PCT/US 96/20113

A. (CILA655[FICATION SUBJECT MATTER

OF
GO6F11/20

According to International Patent Classificauon (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification systemn followed by classificanon symbols)

IPC 6 GO6F

Documentation searched other than mimmum documentation to the extent that such documents are included in the fields searched

Electronic data base consulied during the international search (name of data basc and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropnate, of the relevant passages Relevant to claim No.
X US 5 161 157 A (OWEN WILLIAM H ET AL) 3 1-38
November 1992
see column 9, line 9 - colum 10, line 11
see column 4, line 23-30
see column 5, Tine 58-63; figures
3A,3B,4A,48
D Further documents are listed in the continuation of box C. Patent family members are listed in annex.
* Speaial cate f aited d ts :
peaul caegones of @ ocumen “T* later document p:l:‘!’tshcd aﬂe;ﬁu intemational filing date
“as . . or prionty date not in conflict with the ication but
A’ document defining the general state of the art which is not civ.e‘::lnm Bndenund the principic or theory u:%:lrlying the
considered to be of parucular relevance invention
“E" earlier document but published on or after the international “X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
*L" document which may throw doubts on pnorty claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the P“hl'““"_“;‘" of another Y’ document of particular relevance; the claimed invention
atation or other special reason (as specified) cannot be conadered to involve an inventve step when the
“O* document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
“P" document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report
9 June 1997 23.06.97
Name and mailing address of the ISA Authonzed officer

European Patent Office, P.B. 5818 Patentaan 2
NL - 2280 HV Rijswitk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

Fax (+ 31-70) 340-3016 Weber, R

Form PCT/ISA 210 (second sheet) (July 1992}



INTERNATIONAL SEARCH REPORT

informaton on patent family members

Int.  .ional Application No

PCT/US 96/20113

Patent document Publication Patent farnily Publication
cited in search report date member(s) date
US 5161157 A 03-11-92 US 5153880 A 06-10-92

WO 9114227 A 19-09-91

Form PCT/ISA/210 (patent family annex) (July 1992)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

