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(57) ABSTRACT

A memory includes a first memory device including an array
of phase changing memory cells. The first memory device is
of a first memory type. The integrated circuit includes a
second memory device including an array of phase changing
memory cells. The second memory device is of a second
memory type that is different than the first memory type. The
first and second memory devices are packaged together into a
single memory device.
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MEMORY DEVICE WITH DIFFERENT
TYPES OF PHASE CHANGE MEMORY

BACKGROUND

[0001] One type of memory is resistive memory. Resistive
memory utilizes the resistance value of a memory element to
store one or more bits of data. For example, a memory ele-
ment programmed to have a high resistance value may rep-
resent a logic ““1” data bit value and a memory element pro-
grammed to have a low resistance value may represent a logic
“0” data bit value. Typically, the resistance value of the
memory element is switched electrically by applying a volt-
age pulse or a current pulse to the memory element.

[0002] One type of resistive memory is phase change
memory, such as a phase change random access memory
(PCRAM). Phase change memory uses a phase change mate-
rial in the resistive memory element. The phase change mate-
rial exhibits at least two different states. The states of the
phase change material may be referred to as the amorphous
state and the crystalline state, where the amorphous state
involves a more disordered atomic structure and the crystal-
line state involves a more ordered lattice. The amorphous
state usually exhibits higher resistivity than the crystalline
state. Also, some phase change materials exhibit multiple
crystalline states, e.g. a face-centered cubic (FCC) state and a
hexagonal closest packing (HCP) state, which have different
resistivities and may be used to store multiple bits of data. In
the following description, the amorphous state generally
refers to the state having the higher resistivity and the crys-
talline state generally refers to the state having the lower
resistivity.

[0003] Phase changes in the phase change materials may be
induced reversibly. In this way, the memory may change from
the amorphous state to the crystalline state—*“set”—and from
the crystalline state to the amorphous state—reset”—in
response to temperature changes. The temperature changes of
the phase change material may be achieved by driving current
through the phase change material itself or by driving current
through a resistive heater adjacent to the phase change mate-
rial. With both of these methods, controllable heating of the
phase change material causes controllable phase change
within the phase change material.

[0004] A phase change memory including a memory array
having a plurality of memory cells that are made of phase
change material may be programmed to store data utilizing
the memory states of the phase change material. One way to
read and write data in such a phase change memory device is
to control a current and/or a voltage pulse that is applied to the
phase change material. The temperature in the phase change
material in each memory cell generally corresponds to the
applied level of current and/or voltage to achieve the heating.
[0005] To achieve higher density phase change memories, a
phase change memory cell can store multiple bits of data.
Multi-bit storage in a phase change memory cell can be
achieved by programming the phase change material to have
intermediate resistance values or states, where the multi-bit or
multilevel phase change memory cell can be written to more
than two states. If the phase change memory cell is pro-
grammed to one of three different resistance levels, 1.5 bits of
data per cell can be stored. If the phase change memory cell is
programmed to one of four different resistance levels, two
bits of data per cell can be stored, and so on. To program a
phase change memory cell to an intermediate resistance
value, the amount of crystalline material coexisting with
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amorphous material and hence the cell resistance is con-
trolled via a suitable write strategy.

SUMMARY

[0006] Oneembodiment provides a memory thatincludes a
first memory device including an array of phase changing
memory cells. The first memory device is of a first memory
type. The integrated circuit includes a second memory device
including an array of phase changing memory cells. The
second memory device is of a second memory type that is
different than the first memory type. The first and second
memory devices are packaged together into a single memory
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The accompanying drawings are included to pro-
vide a further understanding of the present invention and are
incorporated in and constitute a part of this specification. The
drawings illustrate the embodiments of the present invention
and together with the description serve to explain the prin-
ciples of the invention. Other embodiments of the present
invention and many of the intended advantages of the present
invention will be readily appreciated as they become better
understood by reference to the following detailed description.
The elements of the drawings are not necessarily to scale
relative to each other. Like reference numerals designate cor-
responding similar parts.

[0008] FIG.1 is a block diagram illustrating a system with
a memory device according to one embodiment.

[0009] FIG. 2 is a diagram illustrating a memory device
according to one embodiment.

[0010] FIG. 3 is a block diagram illustrating a memory
device according to another embodiment.

[0011] FIG. 4 is a diagram illustrating a package configu-
ration for the memory device shown in FIG. 3 according to
one embodiment.

[0012] FIG. 5 is a diagram illustrating a package configu-
ration for the memory device shown in FIG. 3 according to
another embodiment.

DETAILED DESCRIPTION

[0013] In the following Detailed Description, reference is
made to the accompanying drawings, which form a part
hereof, and in which is shown by way of illustration specific
embodiments in which the invention may be practiced. In this
regard, directional terminology, such as “top,” “bottom,”
“front,” “back,” “leading,” “trailing,” etc., is used with refer-
ence to the orientation of the Figure(s) being described.
Because components of embodiments of the present inven-
tion can be positioned in a number of different orientations,
the directional terminology is used for purposes of illustration
and is in no way limiting. It is to be understood that other
embodiments may be utilized and structural or logical
changes may be made without departing from the scope of the
present invention. The following detailed description, there-
fore, is not to be taken in a limiting sense, and the scope of the
present invention is defined by the appended claims.

[0014] FIG. 1 is a block diagram illustrating a system 90
according to one embodiment. System 90 includes a host 92
and a memory device 100. Host 92 is communicatively
coupled to memory device 100 through communication link
94. Host 92 includes a computer (e.g., desktop, laptop, hand-
held), portable electronic device (e.g., cellular phone, per-
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sonal digital assistant (PDA), MP3 player, video player, digi-
tal camera), or any other suitable device that uses memory.
Memory device 100 provides memory for host 92. In one
embodiment, memory device 100 includes a phase change
memory device or other suitable resistive or resistivity chang-
ing material memory device.

[0015] FIG. 2 is a diagram illustrating one embodiment of
a memory device 100. In one embodiment, memory device
100 is an integrated circuit or part of an integrated circuit.
Memory device 100 includes a write circuit 124, a controller
120, a memory array 101, and a sense circuit 126. Memory
array 101 includes a plurality of phase change memory cells
104a-104d (collectively referred to as phase change memory
cells 104), a plurality of bit lines (BLs) 112a-1125 (collec-
tively referred to as bit lines 112), and a plurality of word lines
(WLs)110a-1105 (collectively referred to as word lines 110).

[0016] As used herein, the term “electrically coupled” is
not meant to mean that the elements must be directly coupled
together and intervening elements may be provided between
the “electrically coupled” elements.

[0017] Memory array 101 is electrically coupled to write
circuit 124 through signal path 125, to controller 120 through
signal path 121, and to sense circuit 126 through signal path
127. Controller 120 is electrically coupled to write circuit 124
through signal path 128 and to sense circuit 126 through
signal path 130. Each phase change memory cell 104 is elec-
trically coupled to a word line 110, a bit line 112, and a
common or ground 114. Phase change memory cell 104q is
electrically coupled to bit line 112a, word line 1104, and
common or ground 114, and phase change memory cell 1045
is electrically coupled to bit line 1124, word line 1105, and
common or ground 114. Phase change memory cell 104c¢ is
electrically coupled to bit line 1125, word line 110a, and
common or ground 114, and phase change memory cell 1044
is electrically coupled to bit line 1125, word line 1105, and
common or ground 114.

[0018] Each phase change memory cell 104 includes a
phase change element 106 and a transistor 108. While tran-
sistor 108 is a field-effect transistor (FET) in the illustrated
embodiment, in other embodiments, transistor 108 can be
another suitable device such as a bipolar transistor or a 3D
transistor structure. In other embodiments, a diode or diode-
like structure is used in place of transistor 108. In this case, a
diode and phase change element 106 are coupled in series
between each cross point of word lines 110 and bit lines 112.

[0019] Phase change memory cell 104a includes phase
change element 106a and transistor 108a. One side of phase
change element 106a is electrically coupled to bit line 112a,
and the other side of phase change element 106a is electri-
cally coupled to one side of the source-drain path of transistor
108a. The other side of the source-drain path of transistor
108a is electrically coupled to common or ground 114. The
gate of transistor 108a is electrically coupled to word line
110a.

[0020] Phase change memory cell 1045 includes phase
change element 1065 and transistor 1085. One side of phase
change element 1065 is electrically coupled to bit line 112a,
and the other side of phase change element 1065 is electri-
cally coupled to one side of the source-drain path of transistor
108b. The other side of the source-drain path of transistor
1085 is electrically coupled to common or ground 114. The
gate of transistor 1085 is electrically coupled to word line
1105.
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[0021] Phase change memory cell 104¢ includes phase
change element 106¢ and transistor 108¢. One side of phase
change element 106¢ is electrically coupled to bit line 1125
and the other side of phase change element 106¢ is electrically
coupled to one side of the source-drain path of transistor
108¢. The other side of the source-drain path of transistor
108c¢ is electrically coupled to common or ground 114. The
gate of transistor 108¢ is electrically coupled to word line
110a.

[0022] Phase change memory cell 104d includes phase
change element 1064 and transistor 1084. One side of phase
change element 1064 is electrically coupled to bit line 1125
and the other side of phase change element 1064 is electri-
cally coupled to one side of the source-drain path of transistor
108d. The other side of the source-drain path of transistor
108d is electrically coupled to common or ground 114. The
gate of transistor 1084 is electrically coupled to word line
1104.

[0023] Inanother embodiment, each phase change element
106 is electrically coupled to a common or ground 114 and
each transistor 108 is electrically coupled to a bitline 112. For
example, for phase change memory cell 1044, one side of
phase change element 106a is electrically coupled to com-
mon or ground 114. The other side of phase change element
1064 is electrically coupled to one side of the source-drain
path oftransistor 108a. The other side of the source-drain path
of transistor 108a is electrically coupled to bit line 112a.

[0024] Inoneembodiment, each phase change element 106
includes a phase change material that may be made up of a
variety of materials. Generally, chalcogenide alloys that con-
tain one or more elements from group VI of the periodic table
are useful as such materials. In one embodiment, the phase
change material of phase change element 106 is made up ofa
chalcogenide compound material, such as GeSbTe (“GST”),
SbTe, GeTe, or AglnSbTe. In another embodiment, the phase
change material is chalcogen free, such as GeSb, GaSb, InSb,
or GeGalnSb. In other embodiments, the phase change mate-
rial is made up of any suitable material including one or more
of the elements Ge, Sb, Te, Ga, As, In, Se, and S.

[0025] Each phase change element 106 may be changed
from an amorphous state to a crystalline state or from a
crystalline state to an amorphous state under the influence of
temperature change. The amount of crystalline material coex-
isting with amorphous material in the phase change material
of one of the phase change elements 106a-106d thereby
defines two or more states for storing data within memory
device 100. In the amorphous state, a phase change material
exhibits significantly higher resistivity than in the crystalline
state. Therefore, the two or more states of phase change
elements 106a-1064 differ in their electrical resistivity. Inone
embodiment, the two or more states are two states and a
binary system is used, wherein the two states are assigned bit
values of “0” and “1”. A memory cell with two possible states
is referred to herein as a single-level cell (SLC). In another
embodiment, the two or more states are three states and a
ternary system is used, wherein the three states are assigned
bit values of “0”, “1”, and “2”. In another embodiment, the
two or more states are four states that can be assigned multi-
bit values, such as “00”, “017, “10”, and “11”. In other
embodiments, the two or more states can be any suitable
number of states in the phase change material of a phase
change element. A memory cell with more than two possible
states is referred to herein as a multiple-level cell (MLC).
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[0026] Controller 120 includes a microprocessor, micro-
controller, or other suitable logic circuitry for controlling the
operation of memory device 100. Controller 120 controls
read and write operations of memory device 100 including the
application of control and data signals to memory array 101
through write circuit 124 and sense circuit 126. In one
embodiment, write circuit 124 provides voltage pulses
through signal path 125 and bit lines 112 to memory cells 104
to program the memory cells. In other embodiments, write
circuit 124 provides current pulses through signal path 125
and bit lines 112 to memory cells 104 to program the memory
cells.

[0027] Sense circuit 126 reads each of the two or more
states of memory cells 104 through bit lines 112 and signal
path 127. In one embodiment, to read the resistance of one of
the memory cells 104, sense circuit 126 provides current that
flows through one of the memory cells 104. Sense circuit 126
then reads the voltage across that one of the memory cells
104. In another embodiment, sense circuit 126 provides volt-
age across one of the memory cells 104 and reads the current
that flows through that one of the memory cells 104. In
another embodiment, write circuit 124 provides voltage
across one of the memory cells 104 and sense circuit 126
reads the current that flows through that one of the memory
cells 104. In another embodiment, write circuit 124 provides
current that flows through one of the memory cells 104 and
sense circuit 126 reads the voltage across that one of the
memory cells 104.

[0028] During a set operation of phase change memory cell
104a, word line 110q is selected to activate transistor 108a.
With word line 110a selected, one or more set current or
voltage pulses are selectively enabled by write circuit 124 and
sent through bit line 112a to phase change element 106a. The
set current or voltage pulses heat phase change element 1064
above its crystallization temperature (but usually below its
melting temperature). In this way, phase change element
1064 reaches the crystalline state or a partially crystalline and
partially amorphous state during this set operation.

[0029] During a reset operation of phase change memory
cell 104a, word line 110aq is selected to activate transistor
108a. With word line 110a selected, a reset current or voltage
pulse is selectively enabled by write circuit 124 and sent
through bit line 112a to phase change element 1064a. The reset
current or voltage quickly heats phase change element 106a
above its melting temperature. After the current or voltage
pulse is turned off, phase change element 106a quickly
quench cools into the amorphous state or a partially amor-
phous and partially crystalline state. Phase change memory
cells 1045-104d and other phase change memory cells 104 in
memory array 101 are set and reset similarly to phase change
memory cell 104a using similar current or voltage pulses.
[0030] FIG. 3 is a block diagram illustrating a memory
device 300 according to another embodiment. Memory
device 300 includes logic 304, configuration registers 306,
high voltage generation (HV Gen) unit 308, memory devices
100A-100C, data multiplexer (Mux) 312, and input/output
(I/O) interface 314, which are all integrated together in a
package represented by reference number 302. In one
embodiment, memory devices 100A-100C are each a phase
change memory device, such as memory device 100 shown in
FIG. 2 and described above. In one embodiment, memory
devices 100A-100C are all implemented together in a single
semiconductor die (e.g., a two-dimensional approach) and
packaged in a single semiconductor chip. In another embodi-
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ment, memory devices 100A-100C are each implemented in
a separate semiconductor die, and the multiple semiconduc-
tor dies are then packaged together in package 302 (e.g., ina
multi-chip package or MCP configuration, which is also
referred to herein as a three-dimensional approach). Although
three memory devices 100A-100C are shown in the illus-
trated embodiment, in other embodiments, more or less than
three memory devices are integrated together in package 302.
[0031] In one embodiment, memory devices 100A-100C
are each a different type or “flavor” of phase change memory
device. In another embodiment, at least two different types or
flavors of phase change memory devices are provided in
device 300. The memory types or flavors according to one
embodiment include volatile memory types such as DRAM
and SRAM, and non-volatile memory types such as NAND
and NOR. In other embodiments, other types of memory
devices may be used. The number and types of memory
devices that are used in a given package 302 will vary depend-
ing upon the application in which the memory device 300 will
be used.

[0032] Inoneembodiment, the different types of the phase
change memory devices are achieved by using different phase
change materials, and/or different doping materials or differ-
ent doping levels, for each of the three memory devices 100 A-
100C, which results in different properties, performance, and
features for the memory devices. In one embodiment, the
same process line is used to process memory devices 100A-
100C, and the different types of memory devices are achieved
by changing the phase change cell material in order to match
the desired performance and features. In addition to using
different phase change materials, process variations and the
implementation of different devices or devices with different
properties (e.g., using different cell select transistors) may
also be performed in one embodiment to achieve phase
change memory devices of different types and functionality.
[0033] Inoneembodiment, one or more of memory devices
100A-100C include two or more sub-types of memory. In the
illustrated embodiment, memory device 100A is divided into
a first portion with a first sub-type 310A and a second portion
with a second sub-type 310B. In one embodiment, sub-type
310A represents a single-level cell (SLC) configuration, and
sub-type 310B represents a multi-level cell (MLC) configu-
ration. In another embodiment, the sub-types within a given
memory device represent other functionality or feature dif-
ferences, such as speed, data reliability (e.g., endurance/re-
tention), current consumption, voltage levels (e.g., a high
voltage sub-type and a low-voltage sub-type).

[0034] Inoneembodiment, logic 304 controls the operation
ofmemory device 300, including, for example, receiving read
and write commands transmitted by host 92 (FIG. 1), and
accessing the appropriate one of the memory devices 100A-
100C to execute each command. High voltage generation unit
308 generates high voltage signals for any of the memory
devices 100A-100C that are configured as high voltage
devices. In the embodiment illustrated in FIG. 3, device 300
includes a single input/output interface 314 that is shared by
the three memory devices 100A-100C. In one embodiment,
data is transferred between host 92 and memory devices
100A-100C via the shared or common input/output interface
314, which is configured to be coupled to communication link
94 (FIG. 1). Data multiplexer 312 selectively controls which
of the memory devices 100A-100C will be using the input/
output interface 314 at any given time. In one embodiment,
input/output interface 314 is a double data rate (DDR) inter-
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face and memory devices 100A-100C communicate with
host 92 using a DDR interface protocol. The use of a shared or
common input/output interface for multiple memory devices
100A-100C according to one embodiment reduces system
complexity, pins, and costs, and allows multiple different
memory flavors to interact with the host 92 through a single
shared bus.

[0035] As mentioned above, memory devices 100A-100C
according to one embodiment are of different types or flavors.
In one embodiment, configuration registers 306 are used to
configure one or more of the memory devices 100A-100C to
also have different memory sub-types, or to cause the
memory devices 100A-100C to have other different perfor-
mance differences or feature differences. Parameter selection
for each of the memory devices 100A-100C is accomplished
in one embodiment by programming the configuration regis-
ters 306 in order to set up the memory devices 100A-100C
according to the specifications of the application. Some
examples of memory parameters or features that are software
configurable using configuration registers 306 according to
one embodiment include parameters for setting or resetting
specific circuitry, and selecting an algorithm for each memory
device 100A-100C to facilitate optimization of the memory
performances according to the specifications of the applica-
tion or the host 92.

[0036] In one embodiment, configuration registers 306 are
configured to be accessible and programmable only during
testing. In another embodiment, configuration registers 306
are also accessible and programmable via a user mode in
which, for example, a test engineer or user can access the
registers 306 and set predetermined values to configure each
of the memory devices 100A-100C to have various predeter-
mined features. In one embodiment, configuration registers
306 are programmable to cause one or more of the memory
devices 100A-100C to have either an SLC configuration or an
MLC configuration, and to cause one or more of the memory
devices 100A-100C to have one portion of the memory device
operating in an SLC configuration and another portion of the
same memory device operating in an ML.C configuration. In
one embodiment, configuration registers 306 are program-
mable to define speed and data reliability characteristics of
each of the memory devices 100A-100C.

[0037] As mentioned above, configuration registers 306
according to one embodiment may be used to select an algo-
rithm for each memory device 100A-100C to facilitate opti-
mization of the memory performances. Algorithms may be
chosen for each memory device 100A-100C to provide the
best compromise among performance, power, and/or reliabil-
ity of the memory devices. For example, in applications
where reliability of programmed data is of higher importance
than power consumption and/or speed, an algorithm that pro-
vides more accurate or wider set pulses during the program-
ming of memory cells may be selected in order to have a tight
and stable cell distribution and better reliability, at the pos-
sible expense of higher power and slower speed. Similarly, in
applications where high speed and/or low power consump-
tion are more important than data reliability (e.g., the appli-
cation may rely on error correction codes (ECC) or other error
correction methods to increase data reliability) an algorithm
that provides less accurate or narrower pulses during the
programming of memory cells may be selected.

[0038] In one embodiment, the amplitude and width (i.e.,
duration) of set and reset pulses for setting and resetting the
memory cells 104 of one or more of the memory devices

Oct. 29, 2009

100A-100C are programmable via the configuration registers
306. The greater the error tolerance for the data stored in
memory devices 100A-100C, the shorter the pulse width may
be, thus increasing the overall speed of the memory device. In
one embodiment, memory devices 100A-100C are config-
ured using different phase change materials and via configu-
ration registers 306 to provide: A first phase change memory
device 100A that is configured as a NOR-type memory with
high reliability and lower speed and having a first portion
310A with MLC functionality and a second portion 310B
with SLC functionality; a second phase change memory
device 100B that is configured as a DRAM-type memory; and
a third phase change memory device 100C that is configured
as a NOR-type memory with lower reliability and higher
speed than memory device 100A. In other embodiments,
phase change memory devices 100A-100C may be config-
ured to have other types and characteristics.

[0039] FIG. 4 is a diagram illustrating a package configu-
ration for the memory device 300 shown in FIG. 3 according
to one embodiment. The embodiment of the memory device
300 shown in FIG. 4 is identified by reference number 300A.
In the illustrated embodiment, memory devices 100A-100C
are implemented in separate semiconductor dies or chips,
which are packaged together in a stacked arrangement in
package 302 in a multi-chip package configuration.

[0040] Memory device 100A includes a plurality of input/
output pads 410. Memory device 100B includes a plurality of
input/output pads 402. Memory device 100C includes a plu-
rality of input/output pads 406. Input/output pads 410 of
memory device 100A are coupled to input/output pads 406 of
memory device 100C via communication links 412. Input/
output pads 402 of memory device 100B are coupled to
input/output pads 406 of memory device 100C via commu-
nication links 404. Input/output pads 406 of memory device
100C are coupled to input/output interface 314 via commu-
nication links 408. Input/output interface 314 is configured to
be coupled to host 92 via communication link 94.

[0041] In one embodiment, interface 314 is shared by the
three memory devices 100A-100C, and data is transferred
between host 92 and memory devices 100A-100C through
interface 314. In the illustrated embodiment, memory device
100C is connected directly to interface 314 via communica-
tion links 408, and includes logic to communicate directly
with the host 92. In contrast, memory devices 100A and 100B
are not directly connected to interface 314 in the illustrated
embodiment, and do not communicate directly with the host
92. Rather memory devices 100A and 100B communicate
with host 92 through memory device 100C, which has logic to
control the transfer of data between host 92 and memory
devices 100A and 100B. In another embodiment, memory
devices 100A-100C are each directly connected to interface
314, or memory devices 100A-100C each use their own sepa-
rate input/output interface.

[0042] FIG. 5 is a diagram illustrating a package configu-
ration for the memory device 300 shown in FIG. 3 according
to another embodiment. The embodiment of the memory
device 300 shown in FIG. 5 is identified by reference number
300B. In the illustrated embodiment, memory devices 100 A-
100C are implemented in separate semiconductor dies or
chips, which are packaged together in a stacked arrangement
in package 302 in a multi-chip package configuration.
[0043] Memory device 100A includes a plurality of input/
output pads 506. Memory device 100B includes a plurality of
input/output pads 510. Memory device 100C includes a plu-
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rality of input/output pads 514. Input/output pads 506 of
memory device 100A are coupled to input/output pads 510 of
memory device 100B via communication links 508. The
input/output pads 510 of memory device 100B that are
coupled to memory device 100A via communication links
508 are also coupled to input/output interface 314 via com-
munication links 512. Input/output pads 514 of memory
device 100C are coupled to input/output interface 314 via
communication links 504. Input/output interface 314 is con-
figured to be coupled to host 92 via communication link 94.

[0044] In one embodiment, interface 314 is shared by the
three memory devices 100A-100C, and data is transferred
between host 92 and memory devices 100A-100C through
interface 314. In the illustrated embodiment, memory devices
100A-100C are all connected directly to interface 314.
Memory devices 100A-100C include logic 502A-502C,
respectively, for communicating directly with the host 92.

[0045] One embodiment provides a method of manufactur-
ing a memory device 300. The method according to one
embodiment includes forming a first memory array 101
including a plurality of phase changing memory cells 104
using a first phase change material for each cell in the first
array, and forming a second memory array 101 including a
plurality of phase changing memory cells 104 using a second
phase change material for each cell in the second array that is
different than the first phase change material. The first and
second memory arrays are packaged together into a single
memory device 300 in one embodiment. The method accord-
ing to one embodiment further includes forming a shared
input/output interface 314, wherein both of the first memory
array and the second memory array are configured to com-
municate with an external device (e.g., host 92) via the shared
input/output interface 314.

[0046] One embodiment provides a phase change memory
integrated circuit with multiple types or flavors of memory
implemented in a single semiconductor die or package. Inone
embodiment, circuitry is shared by multiple memory devices
in the package, resulting in a reduced area consumption. The
flexible approach for configuring the memory devices to be of
different types and have different features and functionality
according to one embodiment provides a reduction in overall
memory system overhead. One embodiment of the multiple-
type phase change memory device includes a common
memory input/output interface that is shared by multiple dif-
ferent types of memory devices, which results in a system
with reduced complexity and costs.

[0047] Although specific embodiments have been illus-
trated and described herein, it will be appreciated by those of
ordinary skill in the art that a variety of alternate and/or
equivalent implementations may be substituted for the spe-
cific embodiments shown and described without departing
from the scope of the present invention. This application is
intended to cover any adaptations or variations of the specific
embodiments discussed herein. Therefore, it is intended that
this invention be limited only by the claims and the equiva-
lents thereof.

What is claimed is:

1. A memory comprising:

afirst memory device including an array of phase changing
memory cells, the first memory device being of a first
memory type;
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a second memory device including an array of phase
changing memory cells, the second memory device
being of a second memory type that is different than the
first memory type; and

wherein the first and second memory devices are packaged
together into a single memory device.

2. The memory of claim 1, and further comprising:

a third memory device including an array of phase chang-
ing memory cells, the third memory device being of a
third memory type that is different than the first and
second memory types, and wherein the first, second, and
third memory devices are packaged together into the
memory device.

3. The memory of claim 1, wherein the first and second
memory devices are integrated together in a single semicon-
ductor die and wherein the single memory device is a single
semiconductor chip.

4. The memory of claim 1, wherein the first and second
memory devices are implemented on separate semiconductor
dies and the single device is a multi-chip package.

5. The memory of claim 1, wherein the first memory typeis
a volatile memory type and the second memory type is a
non-volatile memory type.

6. The memory of claim 1, wherein the first memory type
and the second memory type are each one of NOR, NAND,
DRAM, and SRAM.

7. The memory of claim 1, and further comprising:

a shared input/output interface; and

wherein both of the first memory device and the second
memory device are configured to communicate with an
external device via the shared input/output interface.

8. The memory of claim 7, wherein the shared input/output

interface is a DDR input/output interface.

9. The memory of claim 1, wherein at least one of the first
memory device and the second memory device include a first
memory sub-type and a second memory sub-type.

10. The memory of claim 9, wherein the first memory
sub-type is a single-level cell (SLC) configuration, and the
second memory sub-type is a multi-level cell (MLC) configu-
ration.

11. The memory of claim 1, and further comprising:

at least one configuration register that is programmable to
configure the first and second memory devices.

12. The memory of claim 11, wherein the configuration
register is programmable to cause at least one of the first
memory device and the second memory device to have a
single-level cell (SLC) configuration or a multi-level cell
(MLC) configuration.

13. The memory of claim 11, wherein the configuration
register is programmable to define speed and data reliability
characteristics of at least one of the first memory device and
the second memory device.

14. The memory of claim 11, wherein the configuration
register is programmable to define a width of pulses that are
applied to at least one of the first memory device and the
second memory device.

15. The memory of claim 11, wherein the configuration
register is programmable to define an amplitude of pulses that
are applied to at least one of the first memory device and the
second memory device.

16. A system comprising:

a host; and

a memory communicatively coupled to the host, the
memory including a plurality of phase change memory
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devices, each phase change memory device including a
plurality of phase changing memory cells, the plurality
of phase change memory devices including at least two
different types of phase change memory devices, and
wherein the plurality of phase change memory devices
are packaged together into a single memory device.
17. The system of claim 16, wherein the two different types
are each one of NOR, NAND, DRAM, and SRAM.
18. The system of claim 16, wherein at least one of the
phase change memory devices include both a single-level cell
(SLC) portion, and a multi-level cell (MLC) portion.

19. A method of manufacturing a memory device, com-
prising:
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forming a first memory array including a plurality of phase
changing memory cells using a first phase change mate-
rial for each cell in the first array;

forming a second memory array including a plurality of
phase changing memory cells using a second phase
change material for each cell in the second array that is
different than the first phase change material; and

packaging the first and second memory arrays into a single
memory device.

20. The method of claim 19, and further comprising:

forming a shared input/output interface, wherein both of
the first memory array and the second memory array are
configured to communicate with an external device via
the shared input/output interface.
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