FLOATING BODY TRANSISTOR CONSTRUCTIONS, SEMICONDUCTOR
CONSTRUCTIONS, AND METHODS OF FORMING SEMICONDUCTOR
CONSTRUCTIONS

TECHNICAL FIELD

[00D1]  The invention pertains to semiconductor constructions and to methods of
forming semiconductor constructions, and in particular aspeéts pertains to floating body
transistor constructions and to methods of forming floating body transistor constructions.

BACKGROUND OF THE INVENTION

[0002] There is a continuing goal to produce highly-integrated, high-speed, low-power
memoary devices. Traditional memeory devices are static random access memory (SRAM)
and dynamic random access memory (DRAM). SRAM can operate at high speeds, but
typically consumes a relatively large amount of semiconductor real estate relative to other
types of memory. DRAM traditionally comprises a transistor and a capacitor, and individual
DRAM unit cells can be formed 1o consume relatively small amounts-of-semiconductor real

‘estate as compared to SRAM cells. Howéver, even DRAM is becoming too large for next
generation levels of integration, because it is becoming increasingly difficult to create
satisfactory capacitors with increasing levels of intégration.

[0003] There is currently substantial interest in a new type of capacitor-less DRAM
(also referred to as a floating body cell) that may be able to achieve much higher levels of
integration than the traditional DRAM that utilized a capacitor. The new memory uses a
fioating body of a partially or fully depleted silicon on insulator (SOI) field effect transistor
(FET) as a storage node, instead of using a storage capacitor.

[0004] It would be desirable to develop floating body cells which can be readily
incorporated into semiconductor fabriéation processes. It would also be desirable to

develop memory-arrays using floating bady cells; and to-develop methods for forming such———--- :

arrays.
[0005] Although the methods and structures described herein were developed, at least
in part, for integration of floating body cells; it is to be understood that the invention can

have additional applications.



BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Preferred embodiments of the invention are described below with reference to
the following accompanying drawings.

[0007] Figs. 1-4 are a 1op view and cross-sectional side views of a fragment of a
semiconduector construction at a preliminary processing stage of an exemplary aspect of the
present invention. The cross-sections of i:igs. 2, 3 and 4 are along the lines 2-2, 3-3 and 4-
4, respectively, of Fig. 1. The cross-section of Fig. 4 is along lines 4-4 of Figs. 2 and 3; and
the cross-sections of Figs. 2 and 3 are along the lines 2-2 and 3-3, respectively, of Fig. 4.

[0008] Figs. 5-8 are views of the fragments of Figs. 1-4, respectively, shown at a
processing stage subsequent to that of Figs. 1-4. The cross-sections of Figs. 6, 7 and 8 are
along the lines 6-6, 7-7 and 8-8, respecti\}ely, of Fig. 5. The cross-section of Fig. 8 is along
lines 8-8 of Figs. 6 and 7; and the cross-sections of Figs. 6 and 7 are along the lines 6-6
and 7-7, respectively, of Fig. 8.

[poDs]  Figs. 9-12 are views of the fragmenits of Figs. 1-4, respectively, shown ata
processing stage subsequent to that of Figs. 5-8. The cross-sections of Figs. 10, 11 and 12
are along the lines 10-10, 11-11 and 12-%2, respectively, of Fig. 9. The cross-section of
Fig. 12 is along lines 12-12 of Figs. 10 and 11; and the cross-sections of Figs. 10 and 11
are along the lines 10-10 and 11-11, respectively, of Fig. 12.

{0010] Figs. 13-17 are views of the semiconductor construction of Figs. 1-4 shown at a
processing stage subsequent to that of Figs. 9-12. The fragments of Figs. 13-16
correspond to those of Figs. 1-4, respectively; and the fragment of Fig. 17 is an additional
view besides those of Figs. 1-4. The cross-sections of Figs. 14, 15, 16 and 17 are along
the lines 14-14, 15-15, 16-16 and 17-1 7, respeciively, of Fig. 13. The cross-section of Figs.
16 and 17 are along lines 16-16 and 17-17, respectively, of Figs. 14 and 15; and the cross-
sections of Figs. 14 and 15 are along the lines 14-14 and 15-15, respectively, of Figs. 16
and 17,

[0011] Figs. 18-21 are views of the fragments of Figs. 1-4, respectively, shown ata
processing stage subsequent to that of Figs. 13-17. The cross-sections of Figs. 19, 20 and
21 are along the lines 19-19, 20-20 and 21-21, respectively, of Fig. 18. The cross-section
of Fig. 21 is along lines 21-21 of Figs. 19 and 20; and the cross-sections of Figs. 19 and 20
are along the lines 19-19 and 20-20, respectively, of Fig. 21.
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[0012] Figs. 22-25 are views of the fragments of Figs. 1-4, respectively, shown at a
processing stage subsequent to that of Figs. 18-21. The cross-sections of Figs. 23, 24 and
25 are along the lines 23-23, 24-24 and 25-25, respectively, of Fig. 22. The cross-section
of Fig. 25 is along lines 25-25 of Figs. 23 and 24; and the cross-sections of Figs. 23 and 24
are along the lines 23-23 and 24-24, respéctively, of Fig. 25.

{o013] Figs. 26-29 are views of the fragments of Figs. 1-4, respectively, shown at a
processing stage subsequent to that of Figs. 22-25. The cross-sections of Figs. 27, 28 and
29 are along the lines 27-27, 28-28 and 29-28, respectively, of Fig. 26. The cross-section
of Fig. 29 is along lines 29-29 of Figs. 27 and 28; and the cross-sections of Figs. 27 and 28
are along the lines 27-27 and 28-28, reéspectively, of Fig, 29.

{0014] Figs. 30-33 are views of the fragments of Figs. 1-4, respeclively, shown at a
processing stage subsequent to that of Figs. 26-29. The cross-sections of Figs. 31, 32 and
33 are along the lines 31-31, 32-32 and 33-33, respectively, of Fig. 30. The cross-section
of Fig. 33 is along lines 33-33 of Figs. 31 and 32; and the cross-sections of Figs. 31 and 32
are along the lines 31-31 and 32-32, respectively, of Fig. 33.

[0015] Figs. 34-37 are views of the fragments of Figs. 1-4, respectively, shown at a
processing stage subsequent to that of Figs. 30-33. The cross-sections of Figs. 35, 36 and
37 are along the lines 35-35, 36-36 and 37-37, respectively, of Fig. 34. The cross-section
of Fig. 37 is along lines 37-37 of Figs. 35 and 36; and the cross-sections of Figs. 35 and 36
are albng the lines 35-35 and 36-36, respectively, of Fig. 37.

[0016] Fig. 38 is a three-dimensional-view of a fragment of the semiconductor
construction at the processing stage of Figs. 13-17. '

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0017] In particular aspects, the invention described herein pertains to a design for
floating body transistor constructions in which source and drain fines are laid out along

__prongs of a U-shaped semiconductor fin. The layout can be reduced to 6F% or smaller with

current 90 nanometer technology when tilizing current pitch doubling procedures. Full
feature 8F2 layouts may be manufacturable up to 40 nanometers and beyond. Structures
formed in accordance with the present invention are expected to have high scalability, and
good data retention. ‘
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[0018] Exemplary aspects of the inverition are described with reference to Figs. 1-38.

[0019] Referring initialfy to Figs. 1-4, d semiconductor construction 10 is illustrated at a
preliminary processing stage in accordann.%e with an aspect of the present invention.

[0020] The construction 10 comprisesf a semiconductor base 12, an electrically
insulative mass 14 (also referred to hereiri as an insulator 14) over the base, and
semiconductor material 16 over the electrically insulative mass. The semiconductor
material 16 and insulative material 14 can, be considered to together be a semiconductor on
insulator (SOI) construction.

[0021] Semiconductor base 12 can cciamprise any suitable semiconductor material,
including, for example, bulk monocrystallifhe silicon of a silicon wafer. In some aspects,
base 12 can be considered io be a semict:mductor substrate. To aid in interpretation of the
claims that follow, the terms "semiconductive substrate* and "semiconductor substrate” are
defined to mean any construction compris{ing semiconductive material, including, but not
limited to, bulk semiconductive materials such as a semiconductive wafer (either alone or in
assemblies comprising other materials théreon), and semiconductive material layers (either
alone or in assemblies comprising other raterials). The term "substrate” refers to any
supporting structure, including, but hot lindited to, the semiconductive substrates described
above. :

[0022]  Although base 12 will typically, comprise a semiconducior material, it is to be
understood that the base can comprise other materials suitable for being supF;Orting
substrates in various aspects of the invention.

[0023] The electrically insulative matérial of mass 14 can comprise any suitable
composition or combination of compositions, and in particular aspects will comprise, consist
essentially of, or consist of silicon dioxide;. Mass 14 can have a thickness of, for example,
from about 1000A to about 1500A.

{0024] Semiconductor material 16 cah comprise any suitable composition or
combination of compositions, and in particular aspects will comprise, consist essentially of,
or consist of silicon, Semiconductor matérial 16 will typically be manocrystalline, but it is be
understood that the material can be in an_:y suitable form. In the shown aspect of the
invention, material 16 is directly against ipsu]ator 14.
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[0025] Construction 10 comprises a pgtterned mask 18 over material 16, with the mask
being shown to comprise layers 20 and 22. Layer 20 can correspond to pad oxide (in other
words, can consist essentially of, or consist of silicon dioxide), and layer 22 can consist
essentially of, or consist of silicon nitride. Layer 20 can be buffered oxide thermally grown
over material 16, and can have a thickness of, for example, from about 50A to about 100A.
Layer 22 can have a thickness of from about S00A 1o about 750A.

[0026] The mask 18 has openings 24, 26 and 28 extending therethrough, and such
openings also extend into semiconductor material 16. The formation of the openings
through mask 18 and into material 16 can be accomplished with any suitable processing,
including, for example: formation of a photolithographically patterned resist mask (not
shown) over layer 22, transference of a pattern from the resist mask to underlying layers 20
and 22 with cne or more suitable etches, further transference of the pattern into material 16
with suitable etching, and removal of the resist mask.

[D027] Semicondpctor material 16 is shown to have a thickness 30, and the openings
24, 26 and 28 are shown to extend only partially into material 16, and accordingly not
entirely through the thickness of the material. The thickness 30 can be, for example, from
about 1500A to about 25004, and the openings 24, 26 and 28 can extend to, for example,
about three-fourths of the way through such thickness.

[0028] The openings 24, 26 and 28 can be seen to extend linearly in the top view of
Fig. 1, and further to extend substantially parallel to one another. The linear directions that
the openings 24, 26 and 28 extend along can be defined to be latitudinal directions 32. In
some aspects, openings 24, 26 and 28 can be considered to be first trenches extending
primarily linearly along the defined latitudinal directions.

[0029] Dashed boundaries 33, 35 and 37 are provided around trenches 24, 26 and 28,
respectively. The dashed boundaries correspond fo locations where troughs will ultimately
be pattemed from semiconductor material 16, as will become more clear from the

_discussionfollows. _ o

[0030] Referring next to Figs. 5-9, portions of materials 16, 20 and 22 are removed to
form an opening 39, and leave separated structures 34, 36 and 38 along trenches 24, 26
and 28, respectively. Subsequently, opening 38 and trenches 24, 26 and 28 are filled with
electrically insulative material 40. Electrically insulative material 40 can comprise any
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suitable composition or combination of compositions, and in particular aspects can
comprise, consist essentially of, or consist of silicon dioxide.

[0031] The opening 39 extends entirely through the thickness of semiconductor
material 16, and in the shown aspect extefnds partially into the electrically insulative mass
14. The opening 39 can, for example, ext;end about haliway through the thickness of
insulative mass 14. In some aspects, opening 39 will correspond to a plurality of openings,
rather than to a single large opening.

J0032] As discussed previousiy, trenches 24, 26 and 28 can be referred to as first
trenches 1o distinguish them from other trénches formed within construction 10. In some
aspects, the formation of opening 392 can ise considered formation of one or more second
trenches which leave a plurality of spaceci regions of semiconductor material 16
(specitically, semiconductor material of st;'uctures 34, 36 and 38) extending along and
under the first trenches. The individual séaced regions of semiconductor material are
trough-shdped, as can be seen in the cross-section of Fig. 8. Such trough-spaced regions

’ contain sidewalls 41 along the opposing sides of the first trenches 24, 26 and 28, and
contain central {(or bottom) regions 43 unéer the first trenches. The trough-shaped
structures are formed in the locations, 33,:35 and 37 of Figs. 1-4.
10033] Insome aépects, the semiconé:iuctor material extending around first trenches 24,
26 and 28 can be considered {o be U-shaped; with the sidewalls 41 being considered to be
limbs or prongs of the U-shaped structurés, and with the central regions 43 considered to
‘be base or central portions of the U-shap;ed structures. In yet other alternative aspects, the
sidewalls 41 can be considered to be upwardly-extending from central valley portions
corresponding to regions 43. : : ’
{0034] The regions 34, 36 and 38 can be seen in Fig. 5 to have elongated segments 42
extending longitudinally along the lrergchés, and to have ends 44 connecling the elongated
segments, The sidewalls of the troughs Shown in Fig. 8 are along the elongated segments
42, However, is noted that there are also sidewalls along the ends 44, as can be seenin
Fig. 6. ' '

[0035] The insulative material 40 fillsf the trenches 24, 26, and 28. Such trenches can
be considered to be troughs of the trough-shaped regions 34, 36 and 38 of semiconductor



material 16; and thus insulative material 40 can be considered to fill the troughs (or
alternatively valleys) of the trough-shaped regions of semiconductor material 18.

[0036] Insulative material 40 is shown to have a planarized upper surface 45. Such
can be formed by initially providing rﬁaterial 40 to overiill trenches 24, 26 and 28, as well as
opening 39; and 1o then subject material 40 to polishing to remove the material from over
layer 22 and create the planarized upper surface 45. Suitable polishing can be chemical-
mechanical polishing (CMP), and layer 22 can function as a stop during such polishing.

[0037] Opening 39 can be considered a deep opening, in that it is deeper than the
trenches 24, 26 and 28. The formation of the opening 89 can be accomplished with any
suitable processing, including, for example: formation of a photolithographically patterned
resist mask (not shown) over layer 22 and trenches 24, 26 and 28; transference of a pattern
from the resist mask to underlying layers 20 and 22 with one or more suitable etches;
further transference of the pattern through material 18 and then partially into insulator 14,
with suital?!e etching; and removal of the resist mask.

f0038]  Although deep opening 39 is described as being formed after shallow trenches
24, 26 and 28 in the shown exemplary aspect of the invention, it is to be understood that
the invention also encompasses aspects in which the order of formation of the deep
opening and shaliow trenches is reversed. Also, although the deep opening and shallow
trenches are shown 1o be simuttaneously filled with insulative material 40, it is to be
understood that the insulative material could be provided within the shallow trenches prior
to formation of the deep opening, or vice versa. Further, it is to be understood that the
insulative material within the shallow trenches may be compositionally different than that
within the deep opening in some aspecis the invention.

[0039] Referring next to Figs. 8-12, trenches 50, 52, 54 and 56 are formed to extend
through the trough-shaped semiconductor material structures of regions 34, 36 and 38.
The trenches extend through masking materials 20 and 22, through semiconductor material

-.18, and partially into_insulator 14._In particular aspects, the trenches 50, 52, 54 and S6can

extend to about halfway through the thickness of insulator 14, The formation of trenches
50, 52, 54 and 56 can be accomplished with any suitable processing, including, for
example: formation of a phdto!ithographfcally patterned resist mask (not shown) across
construction 10 to define locations of the trenches; transference of a pattern from the resist
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mask to underlying layers 20 and 22 with one or more suitable etches; further transference
of the pattern through material 16 and then partially into insulator 14, with suitable etching;
and removal of the resist mask. .

[0040] The trenches 50, 52, 54 and 56 subdivide the trough-shaped structures into a
plurality of frough-shaped slices sandwich'ed adjacent between pairs of the trenches.
Individual trough-shaped slices subdwuded from region 36 are Iabeled as slices 80, 62 and
84. Slice B2 is shown in Fig. 12 to compnse upwardly-projectlng sidewalls 83 joining to a
central bottom region 65, The cross~sect|,ons of Figs. 10 and 11 are through the bottom
portion 65 and a sidewall 63, respective.lyi Trenches 50, 52, 54 and 56 can be referred to
as a third trenches in some aspects of the: invention to distinguish them from the first
trenches 24, 26 and 28, and the second trench 39 (Figs 5-8). '

[0041] The frenches 50, 52, 54 and 56 have peripheries comprising the various
materials 14, 16, 20 and 22; as can be seen in the cross-sections of Figs. 10-12.

[0032] Inthe shown aspect of the invention, the trenches 50, 52, 54 and 56 extend
primarily linearly along longitudinal directions 68 which are substantially orthogonal to the
latitudinal directions 32. The term "substéntia!ly orthogonat" is used indicate that the
longitudinal directions are orthogonal to the latitudinal directions within tolerances of
fabrication and measurement, which caninclude but is not limited to applications in which
the longitudinal directions are absolutely orthogonal to the latitudinal directions.

[0043] The trenches 52 and 56 join at an interconnecting region 70 which is peripheral
to an array of the trough-shaped slices of semiconductor material 16. Interconnecting
region 70 uitimately provides electrical interconnection between conductive materials
formed within trenches 52 and 56, (speciiically, back gates) as will become clear from the
discussion follows. Interconnecting region 70 can also provide a widened pad suitable for
electrical connection to other layers, as will become clear from the discussion follows. In
some aspects, (not shown) trenches 52 and 56 are not interconnected. In such aspects,
back gates ultimately formed within the trenches can be interconnected at another level
besides that of the trenches 52 and 56; c}r at least some the back gates can be left
unconnected 1o one another so that they: can be separately biased and/or modulated.



[0044] Trenches 50 and 54 comprise widened regions 72 and 74 which can ultimately
be utilized for patterning widened pads of conductive material suitable for electrical
connection to other layers.

[0045] Referring next to Figs. 13-17, semiconductor material regions along the
peripheries of the third trenches 50, 52, 54 and 56 are lined with one or more dielectric
rmaterials 76. In particular aspects, the one or more dielectric materials comprise, consist
essentially of, or consist of silicon dioxide. i the dielectric material consists of silicon oxide,
such can be referred to as gate oxide. The gate oxide can be formed by thermally growing
the oxide from exposed regions of semiconductor material 16.

[0046] After the dielectric material 76 is formed, conductive gate material 78 is formed
within the trenches 50, 52, 54 and 56. The conductive gate material can comprise any
suitable composition or combination of compositions, and in particular aspects will comprise
one or mare metals. For instance, the conductive gate material can comprise, consist
essentially of, or consist of one or more of titanium, ruthenium and titanium nitride. In the
shown aspect of the invention, the conductive gate material 78 only partially fills the
trenches 50, 52, 54 and 56, and specifically upper regions of the trenches-are not filled by
the conductive gate material. Such construction can be achieved by initially forming the
conductive material to completely.fill the trenches 50, 52, 54 and 56; and then recessing the
conductive material within the trenches to leave the unfilied upper portions of the trenches.
In particular aspects, the unfilled upper portions will be about 500 angstroms deep.

[0047] in the shown aspect the invention, electrically insulative caps are formed within
the unfilled upper portions of the trenches over conductive material 78, with such caps
comprising insulative materials 80 and 82. In some aspects, material 80 can comprise,
consist essentially of, or consist of silicon‘dioxide; and material 82 can comprise, consist
essentially of, or consist of silicon nitride. Also, it s to be understood that even though the
caps are shown to comprise two different insulative materials, the invention includes other

well as aspects in which the caps comprise more than two electrically insulative materials.

[0048] The conductive material 78 within trenches 50, 52, 54 and 56 forms gatelines
within each of the trenches. The gatelines can be considered to be planar gatelines, or in
some aspects gate plates, in that the gatélines have relatively tall thin shapes as shown in
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the cross-sections of Figs. 14, 15 and 17. ;The planar gates are spaced from
semiconductor material 16 by the dielectric material 76.

[0048] In particular aspects, the plana:r gates can be considered to be alternating front
gates and back gates; with the front gatesi being labeled 84 and 86, and the back gates
being labeled 88 and 90. Notably, the back gates are electrically connected (in other
words, electrically tied) o one another in the shown aspect through interconnect region 70.
Thus, the back gates can be readily mainfained at a common bias. As discussed
previously, the invention can include cther aspects in which the back gateé are electrically
tied through an interconnection at anothes; ievel besides that of the gates, and yet other
aspects in which at least some of the bac!lk gates are not electrically tied to one another.

[0050] In the shown aspect of the invéntion, the front gates and back gates are formed
simultaneously with one another and accérdingly have the same compaositions as one
another. It is to be understood, however, :that the invention also includes aspects (not
shown} in which the front gates and back 'gates differ in composition relative to one another.
Also, although the shown aspect of the invention has the gate dielectric materials
associated with the front gates being fom‘:led at the same time and of the same composition
as the dielectric materials associated Wi’(hf the back gates (with all of such dielectric
materials being indicated by the {abel 76); it is to be understood that the invention can also
include aspects in which the dielectric ma,:teriais assaciated with the back gates differ from
those associated with the front gates. '

[0051] The masking materials 20 and 22 (Figs. 9-12) have been removed at the
processing stage of Figs. 13-17, and additional semiconductor material 92 has been formed
over semiconductor material 16 in place (:bf such masking materials. A dashed-line
boundary is provided between semiconductor materials 16 and 92 to indicate an interface
between such semiconducior materials, but it is 1o be understood that semiconductor
materials 16 and 92 can be identical in composition to one another so that the materials
merge to form a single material.

[0052] Masking materials 20 and 22 i:an be removed with any suitable stch, and in
some aspects regions of construction 10-peripheral to materials 20 and 22 will be protected
with a photoresist mask (not shown) duri,ﬁg removal of material 20 and 22, and possibly
also during formation of semiconductor material 92, and the photoresist mask will then be
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removed. Materials 20 and 22 can be referred to as sacrificial materals, in that they are
ultimately removed.

{0053] In some aspects, semiconductor material 16 consists of, or consists essentially
of monocrystalline silicon; and semiconductor material 92 consists of, or consists
essentially of monocrystalline silicon epitaxially grown from the monocrystalline silicon of
semiconductor material 16. Thus, in some aspects semiconductor material 92 can be
compositionally the same as semiconductor material 16.

[0054] The semiconductor material 92 is conductively doped to form source regions 94
alternating with drain regions 96. The conductive doping of material 92 can be
accomplished with any suitable processing, including in situ doping and/or implant doping of
the semiconductor material. The dopant can be either n-type or p-type.

f0055] The trough-shaped semiconductor slices of the processing stage of Fugs.. 13-17
can be considered to comprise upwardly-projecting sidewalls {or prongs) containing the
combined semiconductor materials 16 and 92. The source/drain regions 94 and 96 are
within such upwardly-projecting sidewalls; The source/drain regions can extend to any
suitable depth into the sidewalls, including, for example, partially into material 92, entirely
through material 92 to the interface with material 16, or entirely through material 92 and
partially into material 16.

[0056} The cross-section of Fig. 16 shows that each trough-shaped semiconductor slice
contains a source region 94 within one upwardly-projecting sidewall and a drain region 96
within the other upwardly-projecting sidewall.

[0057) The semiconductor material siices can be considered to be semiconductor
material expanses adjacent the planar gates. In operation, the planar gates in combination
with the semiconductor material expanses form floating body transistors. The source and
drain within the prongs of a trough-shaped semiconductor expanse are gatedly connected
to one another through a floaling body contained within the central region of the

—semiconductor. material_16_between the_prongs._Such as.illustrated in Fig. 38 which shows

a three-dimensional view of a floating body transistor 100 comprising the semiconductor
expanse 62 and the gatelines 86 and 88 on opposing sides of the expanse. The
semiconductor materials 16 and 92 are shown in phantom view in Fig. 38 to indicate that
such are behind various layers in the shown view. The gatelines 86 and 88 comprise the
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conductive material 78 which is separated from semiconductor material 16 by dielectric
materials 76 (not shown in Fig. 38). The trough-shaped expanse corresponding to
semiconductor materials 16 and 92 contains a pair of prongs (or upwardly projecting
sidewalls) 102 and 104 which join to a central (or base) region 106. Source region 94 is
within sidewall 102, and drain region 96 is within sidewall 104. The source and drain
regions are gatedly connected to one another through the central region 108. In operation,
gates 86 and 88 are a front gate and back gate, respectively, that control current flow
through the central region 106 between the source and drain regions. The central region
106 comprises a floating body of the floating body transistor 100. As can be understood
with reference to Fig. 13, such floating body transistor is one of a plurality of identical
floating body transistors. Such plurality of' floating body transistors can form a memory
array.

[0058] The construction of Fig. 38 can be considered to comprise a front gate/back
gate pair (the front gate 86 and back gate 88) having a single trough-shaped semiconductor
material slice (the slice corresponding to semiconductor materials 16 and 82) sandwiched
therebetween.

[0059] The arrangement of Figs. 13-17 can be considered to include a series of
electrically conductive plates, with the plates alternating between front gale plates and back
gate plates; and to include an array of floating body transistors. The columns of the
transistor array are between front gate plates and back gate plates. Each of the individual
transistors along the columns has a source region and a drain region; and the source and
drain regions of the transistors alternate with one another along the columns of the array.

[0060} Referring next to Figs. 18-21, an electrically insulative material 110 is formed
across an upper surface of construction 10 and patierned to have openings 112 extending
therethrough to source regions 94. Material 110 can comprise any suitable composition or
combination of compositions, and in particular aspects can comprise, consist essentially of,
or consist of silicon dioxide. Various structures underiying material 110 are shown in
phantom in Fig. 18.

[00681] Referring next to Figs. 22-25, a series a source interconnect lines 120, 122, 124
and 126 are formed 1o electrically conneét pluralities of the source regions 94 with one
another. The source interconnect lines comprise conductive material 128 and electrically
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insulative capping material 130. Sidewall spacers 132 are formed along sidewall edges of
the materials 128 and 130,

[0062] = Conductive material 128 can comprise any suitable composition or combination
of compositions, and in particular aspects will comprise metals (such as tungsten or
titanium), metal compositions (such as metal nitrides or metal silicides), and/or
conductively-doped semiconductor materiaf (such as, for example, conductively-doped
silicon).

[0063] Electrically insulative cap 130 ¢an comprise any suitable composition or
combination of compositions, and in particular aspects will comprise, consist essentialty of,
or consist of silicon nitride. '

[0064] Sidewall spacers 132 can comprise any suitable composition or combination of
compositions, and in particular aspects will comprise, consist essentialiy of, or consist of
one or both of silicon nitride and silicon dioxide.

foo651 In the shown aspect of the invention, conductive material 128 extends within
openings 112 to partially filf the openings, but does not entirely fill the openings; and
material 130 fills the remainder of the openings. Iitis to be understood that the invention
can also include aspects in which material 128 entirely fills openings 112.

[0066] The source interconnect lines can be formed with any suitable processing. In
particular aspects, layers of materials 128 and 130 are first forﬁ'ued across material 110 and
within the openings 112, and such layers are then patterned into desired structures utilizing
a photolithographically patterned photoresist mask (not shown) and a suitable etch, after
which the photoresist mask is removed. Sidewall spacers 132 are then formed by providing
a layer of appropriate material across the patterned structures of materials 128 and 130,
and across material 110, followed by anisotropic etching to conveit the layer into the
sidewall spacers.

{00673 In the shown aspect of the invéntion. the source regions are-interconnected

along directions which extend at angles of about 45° refative to the fatitudinal directions 32

and longitudinal directions 68 discussed above with reference to Fig. 8. In other words, the
source regions of lhe floating body transistors are tied to one another along diagonals
extending about 45 degrees 1o the columns of the transistor array of Figs. 13-17.
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[0068] Referring to Figs. 26-29, electrifcally insulative material 140 is formed across
material 110 and over the source Interconnect lines; and subsequently is planarized so the
material 140 is between but not over the s:ource interconnect lines. Material 140 can
comprise any suitable composition or combination of compositions, and in particular
aspects, can compriss, consist essentially' of, or consist of one or both of silicon nitride and
silicon dioxide.

[0069] Openings 142 are etched through materials 140 and 110 to the drain regions 95,
and subsequently such openings are filled with conductive material 144. The locations of
the openings 142 can be defined with a photolnthographxcally patterned photoresist mask
{not shown) which is removed after formatlon of the openings.

[0070] Conductive material 144 can comprise any suitable composition or combination
of compositions, and in particular aspects; will comprise metal, metal compositions, and/or
conductively-doped semiconductor material. Conductive material 144 can be formed to fill
the openings by initially providing the material to overfili the openings and then planarizing
the material. Also, although the material is shown filling openings, it is to be understood
that the conductive material can also be ft:;armed to line the openings rather than filling the
openings in other aspects of the invention (not shown).

{0071] Referring next to Figs. 30-33, E)itlines 150, 182, 154, 156, 158 and 160 are
provided to electrically connect the drain regions 96 along the Iatitudinal directions 32 (Fig.
9). The bitlines comprise conductive rnat:erial 162, and an insulative cap 164. The bitlines
are surrounded by sidewall spacers 166.. Conductive material 162 electrically contacts to
drain regions 96 through conductive intericonnects corresponding to material 144.

[0072] The conductive material 162 can comprise any suitable composition or
combination of compositions, including, fg’ar example, metal, metal compounds, and/or
conductively-doped semiconductor material, .

[0073] Electrically insulative cap 164fcan compiise any suitable composition or
combination of compositions, and in particular aspects will comprise, consist essentially of,
or consist of one or both of siticon nitride‘and silicon dioxide.

{0074} Sidewall spacers 166 can corprise_any suitable composition or combination of
compositions, and in particular aspects will comprise, consist essentially of, or consist of
one or both of silicon dioxide and silicon nitride.
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[0075] The bitliines can be patterned by forming layers of material 162 and 164 across
an upper surface of construction 10, forming a photolithographically pattemed photoresist
mask over the layers to define locations of the bitlines, transferring a pattern from the mask
to the layers 1o form the bitlines, and then removing the mask. The sidewall spacers can be
formed by providing a layer of appropriate material over the bitlines and across the
remainder of construction 10, and then subjecting such layer to anisotropic etching.

[0076] Referring next to Figs. 34-37, an electrically insulative material 170 is formed
across construction 10, and subsequently openings 172, 174, 176, 178, 180, 182 and 184
are etched through the material to various conductive layers. The openings can be filled
with appropriate electrically conductive interconnects to connect bitlines, back gates, front
gates and sou r;:e interconnects to aiapropﬁate circuitry to read and write from the memory
array. Although the openings are shown being formed simultaneously, persons of ordinary
skill in the art will recognize that the openings can be formed at different times relative to
one another. Insulative material 170 can comprise any suitable composition or combination
of compositions including, for example, silicon nitride and/or silicon dioxide.

[0077] A fioating gate memory cell formed in accordance with aspects of the present
invention can be accessed for reading and writing with any appropriate electrical
parameters. For instance, a writing operation to write a "1" can be conducted with a front
gate voltage of -2.0 volts, a drain voltage of 1.0 volt, and a back gate voltage of -1.0 volt. A
writing operation to write a "0" can be conducied with a front gate voltage of 0.8 voits, a
drain voltage of -1.0 volt, and a back gate voltage of -1.0 volt. A reading operation can be
conducted with a front gate voltage of 0.8 voits, a drain voltage of 0.2 volts, and a back gate
voltage of -1.0 valt. In such operations, the back gate is biased to -1.0 volt for hole
retention in the floating body.

{0078]  Although the shown confiéuraiion utilizes both front gates and back gates, itis 10
be understood that the back gates can be eliminated in some aspects of the invention.

However, it can be advantageous to utilize the back gates to assist in reading and writing

from the floating body transistors. It can be further advantageous if all of the back gates are
electrically coupled to one another and thus easily maintained at an identical bias.

[0079] In the shown aspect the invention, at least some of the front gates are shared
between pairs of fioating body transistors on opposing sides of the front gates, and

15



3

similarly, at least some of the individual ba:ck gates are shared between pairs of floating
body transistors on opposing sides of the t;)ack gates. This can enable high integration of
memory arrays formed in accordance withi aspects of the present invention. ’
[0080] Semiconductor assemblies in a:ccordance with various aspects of the present
invention can be utilized in numerous applications. For instance, the assemblies can be
incorporated into various electronic sys!enﬁs, such as, for example, computer systems,
phones, cars, airplénes, camcorders, cam:eras, medical devices, etc. The assemblies can
provide various circuit functions within such systems, including memory and/or processing

functions.
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CLAIMS

1. A method of forming a semiconductor construction, comprising:

providing a substrate comprising first semiconductor material over an
electrically insulative mass, the first semiconductor material having a
thickness;

providing a patterned mask over the first semiconductor material, the
mask comprising a layer of silicon nitride over a layer of silicon dioxide;

forming a plurality of first trenches extending into the first
semiconductor material, but not entirely through the thickness of the first
semiconductor material; the first trenches being U-shaped and extending
primarily linearly along defined latitudinal directions;

forming one or more second trenches which extend entirely through
the first semiconductor material and into the insulative mass; the forming of
the second trenches leaving a plurality of spaced regions of the first
semiconductor material extending along and under the first trenches; the
individual spaced regions of first semiconductor material being trough-
shaped with sidewalls of the troughs being along opposing sides of the first

trenches,. and bottoms_of the troughs _being.under the first.trenches;. . _

overfilling the second trenches with electrically insulative material;
planarizing the electrically insulative material by polishing utilizing the

layer of silicon nitride as a stop during the polishing;
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after filling the second trenches, forming a plurality of third trenches
entirely through the first semiconductor material and into the insulative mass
extending primarily linearly along longitudinal directions substantially
orthogonal to the latitudinal directions, the third trenches extending across
the trough-shaped regions of the first semiconductor material and across the
electrically insulative material, and thus having peripheries comprising
insulative material regions and first semiconductor material regions; the
third trenches dividing the trough-shaped first semiconductor material into
trough-shaped slices;

lining the first semiconductor material regions of the third trench
peripheries with dielectric material;

after the lining, forming conductive material within the third trenches;

removing the patterned mask and replacing the mask with a second
semiconductor material, the second semiconductor material being the same
composition as the first semiconductor material;

conductively doping the second semiconductor material to form source
regions and drain regions;

conductively doping at least portions of the sidewalls of the trough-

shaped regions of the first semiconductor material; and

18



wherein the conductive material within the third trenches forms a
plurality of front-gate/back-gate pairs, with each pair sandwiching a single of
the trough-shaped slices therebetween; each sandwich of a front-
gate/trough-shaped first semiconductor material slice/back-gate being a

floating body transistor unit cell.

2. A method of forming a semiconductor construction, comprising:

providing a substrate comprising first semiconductor material over an
electrically insulative mass, the first semiconductor material having a
thickness;

providing a patterned mask comprising silicon dioxide and silicon
nitride over the first semiconductor material;

forming a plurality of first trenches extending into the first
semiconductor material, but not entirely through the thickness of the first
semiconductor material; the first trenches being U-shaped and extending
primarily linearly along defined latitudinal directions;

forming one or more second trenches which extend entirely through
the first semiconductor material and into and about half way through the

insulative mass; the forming of the second trenches leaving a plurality of

spaced regions of the first semiconductor material extending along and
under the first trenches; the individual spaced regions of first semiconductor
material being trough-shaped with sidewalls of the troughs being along

opposing sides of the first trenches, and bottoms of the troughs being under

the first trenches;
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overfilling the second trenches with electrically insulative material;

planarizing the electrically insulative material utilizing the mask as a
stop;

after filling the second trenches, forming a plurality of third trenches
entirely through the first semiconductor material and about half way through
the insulative mass extending primarily linearly along longitudinal directions
substantially orthogonal to the latitudinal directions, the third trenches
extending across the trough-shaped regions of the first semiconductor
material and across the electrically insulative material, and thus having
peripheries comprising insulative material regions and first semiconductor
material regions; the third trenches dividing the trough-shaped first
semiconductor material into trough-shaped slices;

lining the first semiconductor material regions of the third trench
peripheries with dielectric material;

after the lining, forming conductive material within the third trenches;

removing the patterned mask and replacing the mask with a second
semiconductor material, the second semiconductor material being the same
composition as the first semiconductor material;
conductively doping the second semiconductor material to form source
regions and drain regions;

conductively doping at least portions of the sidewalls of the trough-

shaped regions of the semiconductor material;
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wherein the conductive material within the third trenches forms a
plurality of front-gate/back-gate pairs, with each pair sandwiching a single of
the trough-shaped slices therebetween; each sandwich of a front-
gate/trough-shaped first semiconductor material slice/back-gate being a
floating body transistor unit cell;

wherein the conductively-doped portions of the sidewalls are part of
source and drain regions; and

wherein each trough-shaped semiconductor material slice has a
source region in one sidewall of the slice and a drain region in the other

sidewall of the slice.

3. The method of claim 2 further comprising electrically
interconnecting pluralities of the source regions along directions extending

diagonally to the longitudinal and latitudinal directions.

4, The method of claim 2 further comprising electrically
interconnecting pluralities of the drain regions along a common latitudinal

direction.

5. The method of claim 2 further comprising:

electrically interconnecting pluralities of the source regions along
directions extending diagonally to the longitudinal and latitudinal directions
with source interconnect lines; and

electrically interconnecting pluralities of the drain regions along

common latitudinal directions with bitlines.
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6. The method of claim 5 wherein the bitlines are over the source

interconnect lines.

7. The method of claim 1 wherein forming the conductive material
within the third trenches only partially fills the third trenches to leave upper
portions of the third trenches which are not filled; and further comprising
forming electrically insulative caps within the upper portions of the third

trenches.

8. The method of claim 1 wherein the first trenches are filled with
the insulative material during the filling of the second trenches with the

insulative material.

9. The method of claim 1 further comprising electrically connecting

all of the back-gates to one another.

10. The method of claim 1 wherein the insulative mass is over a
semiconductor base; wherein the insulative mass consists of silicon dioxide;

and wherein the semiconductor base comprises monocrystalline silicon.
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