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Memory Devices and Formation Methods

TECHNICAL FIELD
[0001] The invention pertains to memory devices and to methods of forming diode-accessed,
cross-point memory cells having a state-changeable memory element containing chalcogenide phase

change material.

BACKGROUND

[0002] Known diode-accessed, cross-point memory cells may use a rectifying diode as an
access device to a state-changeable memory element. The memory element may contain
chalcogenide phase change material. Applying a current to the memory element may change a phase
of the material so that the memory element exhibits a different resistance. The phase may also be
changed back. Hence, the two resistive states provide the “on” and “off” status for data storage.

[0003] Figure 1 shows a conceptual, perspective view of a diode-accessed, cross-point memory
array and illustrates its general spatial configuration. The simplified view of Figure 1 merely shows
a memory array 100 that includes words lines 102 having a direction orthogonal to a direction of bit
lines 104 and overlapping at cross-points. At cross-points, an access diode containing a n-type
material 106 and a p-type material 108 is combined with a memory element 110 in an electrically-
connected series extending between word line 102 and bit line 104 at the cross-point. Actual
structures implementing the concept shown in Figure 1 may be formed by a variety of known
methods.

[0004] To achieve a 4F* footprint, where "F" is feature size of the access diode, some known
methods form n-type material 106 and p-type material 108 in a monocrystalline silicon substrate.
With the rectifying diode positioned in monocrystalline silicon, a high current density may be
provided to effect a phase change in the state-changeable memory element 110 when it contains
chalcogenide phase change material. Other silicon-based diodes may include those formed in
polysilicon.

[0005]  Unfortunately, forming silicon-based diodes uses processing temperatures in excess of
400° C. For activation annealing, temperature may be from 800° C to 1000° C for a time of from 2
hours to 20 seconds. As a result, structures of the memory array sensitive to temperatures in excess
of 400° C are formed in advance of processing the silicon-based diodes. Although silicon-based
diodes may provide a high current density, their presence also limits the materials and processing
order suitable for forming the memory array. Methods and/or materials that overcome the

limitations of using silicon-based diodes may be useful.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 shows a conceptual, perspective view of a known memory array.

[0007]  Figure 2 shows a partial, cross-sectional view of a memory array.

[0008] Figure 3-5 show the memory array of Figure 2 at a successive process steps.

[0009] Figure 6 shows a conceptual, perspective view of the Figure 5 memory array.

[0010] Figures 7-8 show partial, cross-sectional views of a substrate containing a semiconductor
material at successive process steps.

[0011] Figures 9-10 show partial, cross-sectional views of another substrate containing a

semiconductor material at successive process steps.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[0012]  Figure 2 shows a partial, cross-sectional view of a memory level 200 that represents one
example of an integrated circuit over which a diode-accessed, cross-point array of memory cells may
be formed according to the embodiments described herein. A few options for an integrated circuit
include a memory array, a peripheral circuit, a central processing unit (CPU), and application-
specific integrated circuit (ASIC), a field-programmable gate array (FPGA), combinations thereof,
etc. Notably, memory level 200 of Figure 2 has both a peripheral region 238 including a peripheral
circuit and an array region 240 including a memory array. Peripheral region 238 may include
memory cell addressing circuits and memory cell read circuits and interoperate with memory cells of
array region 240. As will be appreciated from the discussion below, including a peripheral circuit as
the integrated circuit and forming most or all of memory devices elevationally above the integrated
circuit may enable reducing die size for the overall device.

[0013] The term "peripheral” designating peripheral region 238 refers to the function of circuits
in such region and does not restrict the location of peripheral region 238 with respect to array region
240. Often, an array region may be positioned at the center of a memory device with memory cell
read circuits and memory cell addressing circuits located in the periphery surrounding the array
region. Hence, such circuits may be termed "peripheral” but, partly as a result of improvements in
modern design and processing, may be located anywhere known to be suitable within the memory
devices described herein. Also, although Figure 2 displays some detail regarding structural features
of circuits in peripheral region 238, the embodiments are not restricted to such structural features.
Any known memory cell read circuits, memory cell addressing circuits, and other circuits may be

used in peripheral region 238 to provide an operable memory device containing memory level 200.
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[0014] Without claborating extensively on the specific structural features of circuits in
peripheral region 238, it is easily observable by those of ordinary skill that a substrate 224 has
openings formed therein containing insulator material 236 and forming an active area 232. Substrate
224 may include a monocrystalline semiconductor, including but not limited to monocrystalline
silicon. In the context of this document, the term "semiconductor substrate” or "semiconductive
substrate” is defined to mean any construction comprising semiconductive material, including, but
not limited to, bulk semiconductive materials such as a semiconductive wafer (either alone or in
assemblies comprising other materials thereon), and semiconductive material layers (either alone or
in assemblies comprising other materials). The term "substrate” refers to any supporting structure,
including, but not limited to, the semiconductive substrates described above.

[0015] Insulator material 236 may include silicon oxide, silicon nitride, silicon oxynitride,
combinations thereof, etc. Plasma enhanced chemical vapor deposition may be used to form
insulator material 236 using, for example, tetraethylorthosilicate (TEOS)-based methods, which may
include ozone. Conductive contacts 242 may be provided between substrate 224 and conductive
plugs 234. Contacts 242 may contain cobalt silicide (CoSi,), and/or other materials, and plugs 234
may contain tungsten, and/or other materials. Conductive vias 228, which may contain tungsten,
and/or other materials, may extend through insulator material 236 electrically connecting plugs 234
with conductive metallization 226. Metallization 226 may contain aluminum, copper, and/or other
materials. While vias 228 and plugs 234 provide vertical conductive interconnections, conductive
lines 230 provide horizontal conductive interconnections, shown in cross-sectional view extending
into and out of the sectional plane of Figure 2.

[0016]  Turning to array region 240 of Figure 2, individual memory cells include a word line
202, n-type material 206, p-type material 208, memory element 210, and a bit line 204 all electrically
connected in series. In the embodiment of Figure 2, word line 202, n-type material 206, and p-type
material 208 are all formed in substrate 224. Among other methods, such may be accomplished by
placing dopants in a common semiconductor material to provide differing conductivity types and/or
dopant concentrations.

[0017]  As one example, substrate 224 may exhibit p-type conductivity while the portion of
substrate 224 encompassing word line 202 and n-type material 206 may exhibit n-type conductivity
and be heavily doped to provide n+ material. P-type material 208 may also be heavily doped to
provide p+ material. As another example, though not shown in Figure 2, the portion of substrate 224
encompassing word line 202 may be heavily doped to provide n+ material and the portion of
substrate 224 encompassing n-type material 206 may be lightly doped to provide n- material. Other

known doping arrangements, materials, and/or layers may be used to provide a suitable access diode
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containing a p-n junction electrically connected in series with a word line and a state-changeable
memory element.

[0018] In Figure 2, a contact 212 is provided between p-type material 208 and a plug 214.
Contact 212 may contain a material in common with contacts 242 and plug 214 may contain a
material in common with plugs 234. Being at a common elevational level and serving similar
purposes, contact 212 and plug 214 may be formed at the same time as respective contacts 242 and
plugs 234. A viaincluding a conductive liner 216 and an insulator material fill 218 may be provided
electrically connecting plug 214 to memory element 210. Conductive liner 216 in the via may
include titanium nitride, and/or other materials, and fill 218 may include a material in common with
insulator material 236. Alternatively, the via may be formed wholly of conductive material, such as
TiN or TiAIN, without any insulator material fill.

[0019] A cap 220 over memory element 210 and a via 222 electrically connect memory element
210 to bit line 204. Cap 220 may include titanium nitride, and/or other materials, and via 222 may
include tungsten, and/or other materials. Memory element 210 may include a chalcogenide phase
change material and spans across multiple memory cells along with cap 220. In Figure 2, memory
element 210 and cap 220 are represented as a continuous line parallel to bit line 204. Alternatively,
memory element 210 and cap 220 may be isolated to individual memory cells. One example of a
suitable phase change material includes germanium antimony tellurium (GST) which may exhibit a
composition consisting of Ge,SbyTe,, where x, y, and z may be within ranges known to provide the
desired state-changeable properties.

[0020]  As may be appreciated from the discussion herein and Figures 1-2, the memory array in
array region 240 implements the concept of diode-accessed, cross-point memory shown in Figure 1.
The memory structure shown fits within a broader category of memory known as resistive random
access memory (RRAM), which includes another category of memory known as phase change
random access memory (PCRAM) also encompassing the shown memory structure. Bit line 204
extends in a direction orthogonal to word line 202 in a manner similar to that shown for bit line 104
and word line 102 in Figure 1, with word line 202 shown in cross-sectional view extending into and
out of the sectional plane of Figure 2. As such, bit line 204 and word line 202 overlap at a cross-
point. The access diode, containing n-type material 206 and p-type material 208, and memory
element 210 extend between word line 202 and bit line 204 at the cross-point. Although word line
202 and bit line 204 are shown extending in directions orthogonal to one another, it will be
appreciated that embodiments herein encompass bit lines and word lines overlapping at cross-points

though not extending in orthogonal directions.
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[0021]  As indicated, forming silicon-based diodes may use processing temperatures in excess of
400° C. In Figure 2, n-type material 206 and p-type material 208 are positioned at an elevational
level below other components, such as the metal-containing interconnects and memory element 210
that might be damaged by such processing temperatures. With the access diode at a low elevational
level, silicon-based diode processing temperatures may be applied without risk to later-formed
components at higher elevational levels.

[0022]  Observation indicates that diode-based, cross-point memory cells might be suitable for a
three-dimensional architecture except for the susceptibility of integrated circuits, such as those
shown in Figure 2, to process conditions, such as processing temperatures, that may be used in
forming subsequent memory levels. However, if the levels are stacked and bonded together as in the
embodiments herein, a stacked, three-dimensional architecture may be used to reduce damage to
underlying components. That is, components formed using process conditions potentially damaging
to underlying components may be formed first followed by bonding over memory level 200, or other
integrated circuits. It follows that bonding methods may be used that also reduce exposure to
potentially damaging process conditions. Appropriate conductive interconnections may be made
between the underlying integrated circuit and a subsequent memory level(s) bonded thereover, if
desired.

[0023] In one embodiment, a method includes providing an integrated circuit having a metal-
containing conductive interconnect and forming an electrical insulator material over the integrated
circuit. The method also includes providing a substrate containing a semiconductor material
exhibiting a first conductivity type and placing a dopant in only a portion of the semiconductor
material. The dopant may be activated to provide a doped region containing the activated dopant.
The doped region exhibits a second conductivity type opposite the first conductivity type and the
doped region provides a junction with a portion of the semiconductor material still exhibiting the
first conductivity type. After activating the dopant, the method includes bonding the substrate to the
insulator material and removing at least some of the substrate where bonded to the insulator material
to expose at least some of the underlying insulator material. After the removing, a memory cell is
formed having a word line, an access diode, a state-changeable memory element containing
chalcogenide phase change material, and a bit line all electrically connected in series. The access
diode contains the junction as a p-n junction. The bit line and the word line overlap at a cross-point
and the access diode and the memory element extend between the word line and the bit line at the
Cross-point.

[0024] By way of example, the metal-containing conductive interconnect may exhibit properties

such that, if exposed to at least one operating condition used in the activating, a physical structure of
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the interconnect would be altered. The activating of the dopant in the substrate may occur apart from
the integrated circuit. Thereby, exposure of the metal-containing conductive interconnect to
operating conditions used in activating the dopant may be diminished. The activating of the dopant
may include heating to a temperature greater than 400° C.

[0025]  The integrated circuit might include other components, such as chalcogenide phase
change material, susceptible to at least one operating condition used in the activating of the dopant.
That is, providing the integrated circuit may include forming another memory cell having another
word line, another access diode, another state-changeable memory element containing the
chalcogenide phase change material, and another bit line all electrically connected in series. The
other bit line and the other word line may overlap at another cross-point and the other access diode
and other memory element may extend between the other word line and the other bit line at the other
cross-point. A method so applied may thus provide two memory levels of diode-based, cross-point
memory cells in a three-dimensional, stacked architecture.

[0026] The semiconductor material may contain a monocrystalline material and the p-n junction
may lie within the monocrystalline material. The first conductivity type may be p-type and the
second conductivity type maybe n-type. Providing the substrate might include providing a
monocrystalline silicon substrate exhibiting p-type conductivity as the semiconductor material.

[0027] A variety of known bonding methods may be relied on, for example, those in which the
bonding may occur at no higher than 400° C. The doped region of the substrate may be bonded to
the insulator material. The bonding may include bonding the substrate directly to the insulator
material. Alternatively, the bonding may include providing an adhesion material between the
substrate and the insulator material.

[0028] Figure 3 shows a substrate containing n-type material 306 and p-type material 308 being
applied over insulator material 236 of memory level 200. The integrated circuit encompassing
devices formed in array region 230 and peripheral region 238 may occupy, but not extend beyond, a
lateral extent of the integrated circuit. The bonding may include forming a bond interface between
the substrate and the insulator material, wherein the bond interface is continuous and substantially
planar over a lateral extent. Although not shown, an adhesion material may be included. Figure 4
shows a bond interface that is continuous and substantially planer over the lateral extent within the
partial view provided.

[0029]  Figure 4 also shows part of p-type material 308 removed. Excess p-type material 308
may be removed using any known the method compatible with methods described herein and
structures formed thereby. Chemical-mechanical polishing (CMP), wet etching, dry etching, etc. are

among the possibilities. However, it is conceivable to prepare the substrate containing n-type
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material 306 and p-type material 308 in advance so that excess material may be more easily removed
after bonding.

[0030] Figures 7-8 show abbreviated details of a known method identified as the SMART-CUT
process used by SOITEC of Benin, France and is one example of a method that involves implanting
ions into a wafer and bonding a silicon layer to a substrate by thermal treatment. The SMART-CUT
process is described in A. J. Auberton-Herve, “SOI: Materials to Systems,” Digest of the
International Electron Device Meeting, San Francisco, pg. 3-10, Dec. 1996. Even though the
SMART-CUT process is known for bonding an oxidized silicon adhesion layer to a silicon wafer,
such method may be modified to be of use in accomplishing the embodiments described herein.

[0031] For example, Figure 7 shows a substrate including a n-type material 706 and p-type
material 708. In Figure 8, hydrogen ions 704 are implanted in p-type material 708 to form a defect
material 702. Hydrogen ions may be implanted to a concentration of from 1x10'° to 5x10"° per
square centimeter. Following activation of n-type and p-type dopants, n-type material 706 may be
bonded to insulator material 236 directly or to an adhesion material over insulator material 236 in
accordance with known processing. Thereafter, excess p-type material 708 may be broken away at
defect material 702 to provide the structure shown in Figure 4. After CMP to remove remainders of
defect material 702 and possibly reduce thickness of remaining p-type material 708, formation of
memory cells may proceed.

[0032] Figures 9-10 show abbreviated details of a known method identified as the ELTRAN
(Epitaxial Layer TRANsfer) process used by Canon Inc. of Kanagawa, Japan. The ELTRAN
process is described in Yonehara et al., "EL'TRAN; Novel SOI Wafer Technology," JSAP Int'l, No.
4, pg. 10-16, July 2001. In Figure 9, a portion of a substrate 804 is processed to provide a porous
material 802. In the case of a silicon substrate, formation of porous material 802 may be
accomplished by electrochemical reaction in HF. Even though material 802 is porous, additional
semiconductor material, such as silicon, may be epitaxially grown to provide an additional thickness
over porous material 802.

[0033]  Either by their intrinsic properties or by placing dopants, n-type material 806 and p-type
material 808 may be provided over porous material 802 as shown in Figure 10. Following any
activation of dopants, n-type material 806 may be bonded to insulator material 236 directly or to an
adhesion material over insulator material 236 in accordance with known processing. Thereafter,
substrate 804 along with some of porous material 802 may be broken away at porous material 802 to
provide a structure like that shown in Figure 4. Often a water jet may be used to assist in the
removal. After CMP to remove remainders of porous material 802 and possibly reduce thickness of

p-type material 808, formation of memory cells may proceed.
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[0034] Bonding of n-type material 706 in a substrate as shown in Figure 7, n-type material 806
in a substrate as shown in Figure 10, or other substrates may also be accomplished by plasma
enhanced bonding such as described in Suni et al., “Effects of Plasma Activation on Hydrophilic
Bonding of Si and SiO,” J. Electrochem Soc., Vol. 149, No. 6, pg. G348-51, June 2002. That is,
low-pressure argon or oxygen plasma may be used to activate a surface of n-type material 706 to be
bonded. Such activation promotes hydrophilic bonding, such as Si to Si0, bonding, at temperatures
below 200° C.

[0035] In arelated known method, surfaces to be bonded may be sputter-cleaned by means of
energetic particle bombardment and brought into contact under slight applied pressure in a vacuum
environment.

[0036]  Also, it is possible to use an argon beam to activate a surface to facilitate bonding
between platinum and silicon at room temperature as described in Takagi et al., “Room-Temperature
Bonding of Si Wafers to Pt Films on SiO, or LiNbO; Substrates Using Ar-Beam Surface
Activation,” Jpn. J. Appl. Phys., Vol. 38, Part 2, No. 12B, pg. 1559-61, December 1999. Platinum
might be deposited on insulator material 236 as an adhesion material.

[0037]  Another low temperature bonding method includes surface activated bonding (SAB)
involving deposition of metal films on both a silicon substrate and a SiO, substrate as described in T.
Suga, “Room Temperature Bonding / SAB and Its Applications in Microelectronics,” Public Lecture
Series: The Impact of Wafer-Level Technologies on Advanced IC Design, Stanford University, pg.
1-18, May 24, 2001. Possible pairs of metals for use in the two films includes Cu-Cu, Al-Ti, Ni-Cu,
and Al-Cu. Elevated temperature exposure up to about 450° C may facilitate bonding, though, the
upper end of the range is noted as exceeding 400° C at which temperature structure alteration might
begin to occur in exposed metal-containing interconnects and/or phase change material.

[0038] An organic “nanoglue” may also be used for bonding as discussed in “Nanoglue for
Electronics,” Technology Review, Massachusetts Institute of Technology, May 23, 2007.
Essentially, a chain of carbon and hydrogen atoms with sulfur at one end and silicon at the other end
may respectively hold copper and SiO, together. The molecules orient themselves next to each other
and adhesive strength increases at temperatures up to 700° C. An expectation exists that nanoglue
might be tailored to adhere different materials by attaching appropriate chemical groups at the two
ends of the molecular chain. Dissimilar materials, such as insulators and semiconductors, or metals
and semiconductors, may be bonded.

[0039] In the bonding shown in Figures 3-4, insulator material 236 may be silicon dioxide.
Consequently, copper may be formed on the substrate including n-type material 306 and the

nanoglue used as described in the "Nanoglue" reference to bond copper to silicon dioxide. The
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copper may be blanket deposited across all of n-type material 306 and/or formed in a manner that
provides patterned copper.

[0040] US Patent No. 6,563,133 issued to Tong pertains to a method of epitaxial-like wafer
bonding at low temperature. The method involves bonding oxide-free silicon substrate pairs and
other substrates at low temperature by modifying the surfaces to create defect regions. For example,
plasma treatment of the surfaces to be bonded with boron-containing plasmas or surface defect
regions created by ion implantation, preferably using boron, may prepare the surfaces. The surfaces
may also be amorphized. Placing the treated surfaces together forms an attached pair at room
temperature in ambient air. Such a method may be useful in embodiments described herein.

[0041] Following bonding, p-type material 308 shown in Figure 4 may be processed to provide
a suitable thickness. Patterning through p-type material 308 and n-type material 306 using known
methods may provide word line 502, n-type material 506, and p-type material 508 shown in Fig. 5.
An example of one known method includes standard photolithography and dry etching. As will be
appreciated from Figure 5, the removal of at least some of n-type material 306 and p-type material
308 where bonded to insulator material 236 may expose at least some of the underlying insulator
material 236, or other underlying material, if present.

[0042] A variety of options exist for processing adhesion material, if provided, between n-type
material 306 and insulator material 236. If the adhesion material is insulative, then it may remain or
be removed during removal of some of n-type material 306 and p-type material 308 to form word
line 502. When the adhesion material is insulative, it provides additional insulator material between
n-type material 306 and insulator material 236. If the adhesion material remains, then the insulator
material exposed upon removal of some of n-type material 306 will be the insulator material of the
adhesion material. Otherwise, if the adhesion material is removed, then the insulator material
exposed during processing will be insulator material 236. If the adhesion material is conductive,
then it may be removed to reduce shorting between word lines, such as word lines 502.

[0043] In either circumstance of insulative or conductive adhesion material, the adhesion
material may be patterned prior to bonding the substrate to insulator material 236. As one
possibility, removing at least some of n-type material 306 and exposing underlying insulator material
236 might not involve removing adhesion material. Such is especially the case if the earlier
patterning of the adhesion material matches the later patterning of word lines 502.

[0044] In the event that conductive adhesion material remains between word lines 502 and
insulator material 236, such conductive material may provide conductive strapping of word lines 502
in accordance with known strapping techniques. Strapping may enhance conductivity of word lines

502. In this manner, the method may include forming conductive lines over insulator material 236
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between the substrate and insulator material 236. Notably, adhesion material used in the bonding
methods herein may be formed on the substrate containing n-type material 306, on insulator material
236, or both. Hence, patterning of adhesion material, such as to form conductive lines, may occur on
the substrate containing n-type material 306, on insulator material 236, or both.

[0045]  As will be appreciated from Figure 5, forming the memory cell containing word line 502
includes forming the access diode above the word line, forming the memory elements above the
access diode, and forming the bit line above the memory element. Word line 502, n-type material
506, and p-type material 508 are all formed in n-type material 306 and p-type material 308 from
Figure 4. N-type material 506 and p-type material 508 provide a p-n junction for the access diode.
The various conductivity types and/or dopant concentrations described above for the access diode in
memory level 200 are also applicable to the additional access diode formed thereover in Figure 5.
As described, dopants may be activated before bonding the substrate containing n-type material 306
to insulator material 236. Consequently, the bonded substrate may provide n+/n+/p+, n+/n-/p+,
n+/n+/p, or n+/n-/p doped semiconductor material to become the respective word line 502/n-type
material 506/p-type material 508.

[0046] In accordance with known methods and structures, a contact 512 is provided on and in
contact with p-type material 508. A via including a conductive liner 516 and an insulator material
fill 518 may be provided electrically connecting contact 512 to memory element 510. Alternatively,
the via may be formed wholly of conductive material without any insulator material fill. A cap 520
over memory element 510 and a via 522 electrically connect memory element 510 to bit line 504.
An insulator material 536 may be provided over and around the describe components. In Figure 5,
memory element 510 and cap 520 are represented as a continuous line parallel to bit line 504.
Alternatively, memory element 510 and cap 520 may be isolated to individual memory cells.
Composition of the components shown in Figure 5 may be selected from among the same materials
as described for like components of memory level 200.

[0047] Metallization 526 and vias 528 may be provided electrically interconnecting the added
array of memory cells to underlying devices in peripheral region 238 of memory level 200. As a
result, the memory cell addressing circuits and memory cell read circuits of memory level 200 may
interoperate with memory cells of the array added over memory level 200. Alternatively, additional
memory cell addressing circuits and memory cell read circuits may be provided over memory level
200 to separately interoperate with the additional memory cells.

[0048] The added array of memory cells consequently implements the concept of diode-
accessed, cross-point memory in a three-dimensional stacked architecture. Figure 6 shows a

conceptual, perspective view of the stacked architecture. The simplified view of Figure 6 merely
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adds a memory array 600 that includes word lines 602 having a direction orthogonal to a direction of
bit line 604 and overlapping at cross-points. At cross-points, an access diode containing a n-type
material 606 and a p-type material 608 is combined with a memory element 610 in an electrically-
connected series extending between word line 602 and bit line 604 at the cross-point. Although two
memory levels are shown in Figure 6, it will be appreciated that additional memory levels could be
added and interoperate, or not interoperate, as described herein for the first two levels.

[0049] In one embodiment, a method includes forming an integrated circuit including forming a
first memory cell having a first word line, a first access diode, a first state-changeable memory
element containing chalcogenide phase change material, and a first bit line all electrically connected
in series. The bit line and the word line overlap at a cross-point, the access diode and memory
element extend between the word line and the bit line at the first cross-point, and the first memory
cell also has a metal-containing conductive interconnect. An electrical insulator material is formed
over the integrated circuit.

[0050] The method includes providing a substrate containing a semiconductor material
exhibiting a first conductivity type,  placing a dopant in only a portion of the semiconductor
material, and activating the dopant apart from the integrated circuit to provide a doped region
containing the activated dopant. The doped region exhibits a second conductivity type opposite the
first conductivity type. The doped region provides a junction with a portion of the semiconductor
material still exhibiting the first conductivity type. After activating the dopant, the method includes
bonding the substrate to the insulator material. The interconnect and the first memory element
exhibit properties such that, if exposed to at least one operating condition used in the activating,
physical structures of the interconnect and the first memory element would be altered. At least some
of the substrate is removed where bonded to the insulator material to expose at least some of the
underlying insulator material.

[0051]  After the removing, the method includes forming a second memory cell having a second
word line, a second access diode, a second state-changeable memory element containing
chalcogenide phase change material, and a second bit line all electrically connected in series. The
second access diode contains the junction as a p-n junction, the second bit line and the second word
line overlap at a second cross-point, and the second access diode and second memory element
extending between the second word line and the second bit line at the second cross-point.

[0052] By way of example, the semiconductor material may be a monocrystalline material, the
first conductivity type may be p-type, the second conductivity type may be n-type, and the p-n
junction may lay within the monocrystalline material. Also, the bonding may include bonding the

doped region of the substrate to the insulator material at no higher than 400° C. The integrated
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circuit may occupy, but not extend beyond, a lateral extent of the integrated circuit and the bonding
may include forming a bond interface between the substrate and the insulator material, the bond
interface being continuous and substantially planar over the lateral extent.

[0053] In one embodiment, a method includes providing an integrated circuit having a metal-
containing conductive interconnect and forming an electrical insulator material over the integrated
circuit. The method includes providing a substrate containing a semiconductor material exhibiting p-
type conductivity, placing a dopant in only a portion of the semiconductor material, and activating
the dopant apart from the integrated circuit by heating to greater than 400° C to provide a doped
region containing the activated dopant. The doped region exhibits n-type conductivity and the doped
region provides a p-n junction with a portion of the semiconductor material still exhibiting p-type
conductivity. After activating the dopant, the n-type doped region of the substrate is bonded to the
insulator material at no higher than 400° C. At least some of the substrate is removed where bonded
to the insulator material to expose at least some of the underlying insulator material

[0054]  After the removing, the method includes forming a memory cell having a word line, an
access diode, a state-changeable memory element containing chalcogenide phase change material,
and a bit line all electrically connected in series. The access diode contains the p-n junction, the bit
line and the word line overlap at a cross-point, and the access diode and memory element extend
between the word line and the bit line at the cross-point.

[0055] In addition to methods, embodiments also address memory devices. In one embodiment,
a memory device includes an integrated circuit having a metal-containing conductive interconnect
and an electrical insulator material over the integrated circuit. The memory device includes a
memory cell having a word line, an access diode above the word line, a state-changeable memory
element above the access diode and containing chalcogenide phase change material, and a bit line
above the memory element all electrically connected in series. The access diode contains a p-n
junction in a semiconductor material, the bit line and the word line overlapping at a cross-point and
the access diode and memory element extending between the word line and the bit line at the cross-
point. An adhesion material is over the insulator material and bonds the word line to the insulator
material.

[0056] By way of example, the integrated circuit may include a structure selected from the
group consisting of a memory array, a peripheral circuit, a central processing unit, an application-
specific integrated circuit, a field-programmable gate array, and combinations thereof. The
integrated circuit may include a peripheral circuit configured to operate the memory cell formed
thereover. The adhesion material may include one or more metal films, an organic nanoglue, or

combinations thereof.
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CLAIMS

We claim:

1. A method comprising:

providing an integrated circuit having a metal-containing conductive interconnect;

forming an electrical insulator material over the integrated circuit;

providing a substrate containing a semiconductor material exhibiting a first conductivity
type;

placing a dopant in only a portion of the semiconductor material;

activating the dopant to provide a doped region containing the activated dopant, the doped
region exhibiting a second conductivity type opposite the first conductivity type and the doped
region providing a junction with a portion of the semiconductor material still exhibiting the first
conductivity type;

after activating the dopant, bonding the substrate to the insulator material;

removing at least some of the substrate where bonded to the insulator material to expose at
least some of the underlying insulator material; and

after the removing, forming a memory cell having a word line, an access diode, a state-
changeable memory element containing chalcogenide phase change material, and a bit line all
clectrically connected in series, the access diode containing the junction as a p-n junction, the bit line
and the word line overlapping at a cross-point, and the access diode and memory element extending

between the word line and the bit line at the cross-point.

2. The method of claim 1 wherein the providing of the integrated circuit comprises
forming another memory cell having another word line, another access diode, another state-
changeable memory element containing chalcogenide phase change material, and another bit line all
electrically connected in series, the other bit line and the other word line overlapping at another
cross-point and the other access diode and other memory element extending between the other word

line and the other bit line at the other cross-point.

3. The method of claim 1 wherein the insulator material is selected from the group

consisting of silicon oxide, silicon nitride, silicon oxynitride, and combinations thereof.
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4. The method of claim 1 wherein the interconnect exhibits properties such that, if
exposed to at least one operating condition used in the activating, a physical structure of the

interconnect would be altered.

5. The method of claim 1 wherein the activating of the dopant in the substrate occurs

apart from the integrated circuit.

6. The method of claim 1 wherein the activating comprises heating to greater than 400°

1. The method of claim 1 wherein the semiconductor material comprises a

monocrystalline material and the p-n junction lies within the monocrystalline material.

8. The method of claim 1 wherein the first conductivity type is p-type and the second
conductivity type is n-type.

9. The method of claim 1 wherein providing the substrate comprises providing a

monocrystalline silicon substrate exhibiting p-type conductivity as the semiconductor material.

10. The method of claim 1 wherein the bonding comprises bonding the doped region of

the substrate to the insulator material.

11. The method of claim 1 wherein the bonding comprises bonding the substrate directly

to the insulator material.

12. The method of claim 1 wherein the bonding comprises providing an adhesion

material between the substrate and the insulator material.

13. The method of claim 1 wherein the bonding occurs at no higher than 400° C.

14. The method of claim 1 wherein the integrated circuit occupies, but does not extend
beyond, a lateral extent of the integrated circuit and the bonding comprises forming a bond interface
between the substrate and the insulator material, the bond interface being continuous and

substantially planar over the lateral extent.

15. The method of claim 1 wherein forming the memory cell comprises forming the
access diode above the word line, forming the memory element above the access diode, and forming

the bit line above the memory element.
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16. The method of claim 1 further comprising forming conductive lines over the

insulator material between the substrate and the insulator material.

17. A method comprising:

forming an integrated circuit including forming a first memory cell having a first word line,
a first access diode, a first state-changeable memory element containing chalcogenide phase change
material, and a first bit line all electrically connected in series, the bit line and the word line
overlapping at a cross-point, the access diode and memory element extending between the word line
and the bit line at the first cross-point, and the first memory cell also having a metal-containing
conductive interconnect;

forming an electrical insulator material over the integrated circuit;

providing a substrate containing a semiconductor material exhibiting a first conductivity
type;

placing a dopant in only a portion of the semiconductor material;

activating the dopant apart from the integrated circuit to provide a doped region containing
the activated dopant, the doped region exhibiting a second conductivity type opposite the first
conductivity type and the doped region providing a junction with a portion of the semiconductor
material still exhibiting the first conductivity type;

after activating the dopant, bonding the substrate to the insulator material, the interconnect
and the first memory element exhibiting properties such that, if exposed to at least one operating
condition used in the activating, physical structures of the interconnect and the first memory element
would be altered;

removing at least some of the substrate where bonded to the insulator material to expose at
least some of the underlying insulator material; and

after the removing, forming a second memory cell having a second word line, a second
access diode, a second state-changeable memory element containing chalcogenide phase change
material, and a second bit line all electrically connected in series, the second access diode containing
the junction as a p-n junction, the second bit line and the second word line overlapping at a second
cross-point, and the second access diode and second memory element extending between the second

word line and the second bit line at the second cross-point.

18. The method of claim 17 wherein the semiconductor material comprises a
monocrystalline material, the first conductivity type is p-type, the second conductivity type is n-type,

and the p-n junction lies within the monocrystalline material.
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19. The method of claim 17 wherein the bonding comprises bonding the doped region of

the substrate to the insulator material at no higher than 400° C.

20. The method of claim 17 wherein the integrated circuit occupies, but does not extend
beyond, a lateral extent of the integrated circuit and the bonding comprises forming a bond interface
between the substrate and the insulator material, the bond interface being continuous and

substantially planar over the lateral extent.

21. The method of claim 17 wherein forming the second memory cell comprises
forming the second access diode above the second word line, forming the second memory element

above the second access diode, and forming the second bit line above the second memory element.

22. A method comprising:

providing an integrated circuit having a metal-containing conductive interconnect;

forming an electrical insulator material over the integrated circuit;

providing a substrate containing a semiconductor material exhibiting p-type conductivity;

placing a dopant in only a portion of the semiconductor material;

activating the dopant apart from the integrated circuit by heating to greater than 400° C to
provide a doped region containing the activated dopant, the doped region exhibiting n-type
conductivity and the doped region providing a p-n junction with a portion of the semiconductor
material still exhibiting p-type conductivity;

after activating the dopant, bonding the n-type doped region of the substrate to the insulator
material at no higher than 400° C;

removing at least some of the substrate where bonded to the insulator material to expose at
least some of the underlying insulator material; and

after the removing, forming a memory cell having a word line, an access diode, a state-
changeable memory element containing chalcogenide phase change material, and a bit line all
clectrically connected in series, the access diode containing the p-n junction, the bit line and the
word line overlapping at a cross-point, and the access diode and memory element extending between

the word line and the bit line at the cross-point.

23. The method of claim 22 wherein the semiconductor material comprises a

monocrystalline material and the p-n junction lies within the monocrystalline material.
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24. The method of claim 22 wherein the integrated circuit occupies, but does not extend
beyond, a lateral extent of the integrated circuit and the bonding comprises forming a bond interface
between the substrate and the insulator material, the bond interface being continuous and

substantially planar over the lateral extent.

25. The method of claim 22 wherein forming the memory cell comprises forming the
access diode above the word line, forming the memory element above the access diode, and forming

the bit line above the memory element.

26. A memory device comprising:

an integrated circuit having a metal-containing conductive interconnect;

an electrical insulator material over the integrated circuit;

a memory cell having a word line, an access diode above the word line, a state-changeable
memory element above the access diode and containing chalcogenide phase change material, and a
bit line above the memory element all electrically connected in series, the access diode containing a
p-n junction in a semiconductor material, the bit line and the word line overlapping at a cross-point,
and the access diode and memory element extending between the word line and the bit line at the
cross-point; and

an adhesion material over the insulator material and bonding the word line to the insulator

material.

27. The device of claim 26 wherein the integrated circuit comprises a structure selected
from the group consisting of a memory array, a peripheral circuit, a central processing unit, an

application-specific integrated circuit, a field-programmable gate array, and combinations thereof.

28. The device of claim 26 wherein the integrated circuit comprises a peripheral circuit

configured to operate the memory cell formed thereover.

29. The device of claim 26 wherein the adhesion material comprises one or more metal

films, an organic nanoglue, or combinations thereof.

30. The device of claim 26 wherein the adhesion material is electrically conductive and

is configured to provide conductive strapping along the word line.
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31. A memory device comprising:

an integrated circuit including a first memory cell having a first word line, a first access
diode, a first state-changeable memory element containing chalcogenide phase change material, and
a first bit line all electrically connected in series, the bit line and the word line overlapping at a cross-
point, the access diode and memory element extending between the word line and the bit line at the
first cross-point, and the first memory cell also having a metal-containing conductive interconnect;

an electrical insulator material over the integrated circuit;

a second memory cell having a second word line, a second access diode above the second
word line, a second state-changeable memory element above the second access diode and containing
chalcogenide phase change material, and a second bit line above the second memory element all
electrically connected in series, the second access diode containing a p-n junction in a
monocrystalline semiconductor material, the second bit line and the second word line overlapping at
a second cross-point, and the second access diode and second memory element extending between
the second word line and the second bit line at the second cross-point; and

an electrically conductive adhesion material over the insulator material and bonding the
second word line to the insulator material and being configured to provide conductive strapping

along the word line.
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