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(57) ABSTRACT 

A semiconductor Substrate structure for manufacturing inte 
grated circuit devices includes a bulk Substrate; a lower insu 
lating layer formed on the bulk Substrate, the lower insulating 
layer formed from a pair of separate insulation layers having 
a bonding interface therebetween; an electrically conductive 
layer formed on the lower insulating layer; an insulator with 
etch stop characteristics formed on the electrically conductive 
layer; an upper insulating layer formed on the etch stop layer; 
and a semiconductor layer formed on the upper insulating 
layer. A scheme of Subsequently building a dual-depth shal 
low trench isolation with the deeper STI in the back gate layer 
self-aligned to the shallower STI in the active region in such 
a semiconductor Substrate is also disclosed. 
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LOW COST FABRICATION OF DOUBLE BOX 
BACK GATE SILICON-ON-INSULATOR 
WAFERS WITH SUBSEQUENT SELF 

ALIGNED SHALLOW TRENCH ISOLATION 

BACKGROUND 

0001. The present invention relates generally to semicon 
ductor device manufacturing techniques and, more particu 
larly, to low cost fabrication of double buried oxide (BOX), 
back gate (DBBG) silicon-on-insulator (SOI) wafers with 
Subsequent dual-depth self-aligned shallow trench isolation 
(STI). 
0002. In SOI technology, a thin silicon layer is formed 
over an insulating layer, such as silicon oxide, which in turn is 
formed over a bulk substrate. This insulating layer is often 
referred to as a buried oxide (BOX) layer or simply a BOX. 
For a single BOX SOI wafer, the thin silicon layer is divided 
into active regions by shallow trench isolation (STI), which 
intersects the BOX, providing a total isolation for the active 
regions. Sources and drains of field effect transistors (FETs) 
are formed, for example, by ion implantation of N-type and/or 
P-type dopant material into the thin silicon layer with a chan 
nel region between the source and drain using the gate pattern 
to self-define the channel region. Prior to the formation of 
Sources and drains, gates are formed on top of the channel 
region, for example, by deposition of a gate dielectric and 
conductor on the top surface of the thin silicon, followed by 
photolithographic patterning, and etching. Back gates can 
also be formed under the active region on a single BOX SOI 
wafer using the BOX layer as the back-gate dielectric, and can 
be defined by either P+ or N+ implantation. Transistors with 
backgates typically use relatively thin silicon and BOX layers 
to enable fully depleted device operation with a threshold 
voltage which is responsive to the back gate. Such FETs built 
in thin SOI technology with back gates have significant 
advantages such as, for example, reduced short channel 
effects, less threshold variability due to body doping fluctua 
tions, and ability to use the back gate Voltage to adjust the 
threshold. 

0003. In addition to single BOX SOI substrates, double 
BOX substrates may also be used in forming transistor 
devices having dual gate electrodes formed both above and 
below the transistor channel region. The conductive gate 
material formed below the device channel, also referred to as 
a back gate, is separated from the SOI active layer by a first 
BOX, and is separated from the substrate by a second BOX. 
0004 Typically, in order to manufacture such a double 
BOX wafer having an upper BOX and a lower BOX therein, 
at least one preformed SOI wafer is used as a starting sub 
strate. However, the cost of preformed SOI wafers is usually 
several times that of device-quality bulk silicon wafers. Thus, 
purchasing SOI wafers as a starting Substrate adds to the cost 
of forming a double BOX SOI wafer. Moreover, conventional 
double BOX back gate (DBBG) SOI wafers formed without 
providing well defined n-well and p-well isolation can result 
in unacceptably large junction and/or current leakage during 
back gate device operations. Accordingly, it would be desir 
able to be able to fabricate a substrate such as a double BOX 
back gate (DBBG) SOI wafer, with or without additional 
structures located therein, at a lower cost with respect to 
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conventional processes and in a manner that also provides 
better isolation to alleviate the current leakage problem. 

SUMMARY 

0005. In an exemplary embodiment, a method of forming 
a semiconductor wafer structure for integrated circuit devices 
includes forming a first Substrate portion having a first bulk 
substrate, a sacrificial layer formed on the first bulk substrate, 
a semiconductor layer formed on the sacrificial layer, a first 
insulating layer formed on the semiconductor layer, an elec 
trically conductive layer formed over the first insulating layer, 
and a second insulating layer, Suitable for bonding to another 
insulating layer, formed on the electrically conductive layer; 
forming a second Substrate portion having a second bulk 
Substrate and a third insulating layer formed on the second 
bulk substrate; bonding the second substrate portion to the 
first Substrate portion so as to define a bonding interface 
between the second and third insulating layers; separating the 
resulting bonded structure at a location within the first bulk 
Substrate or the sacrificial layer and removing any remaining 
portion of the first bulk Substrate; and removing any remain 
ing portion of the sacrificial layer so as to define a double 
buried insulator back gate semiconductor-on-insulator wafer 
structure, wherein the first insulating layer comprises an 
upper insulating layer, the bonded second and third insulating 
layers together comprise a lower insulating layer, the semi 
conductor layer comprises a semiconductor-on-insulator 
layer, the electrically conductive layer comprises a back gate 
layer, and the second bulk Substrate comprises a bulk Sub 
strate of the double buried insulator back gate semiconductor 
on-insulator wafer structure. 

0006. In another embodiment, a method of forming a 
double buried insulator back gate semiconductor-on-insula 
tor wafer structure for integrated circuit devices includes 
forming a first Substrate portion having a first bulk Substrate, 
a sacrificial layer formed on the first bulk substrate, a semi 
conductor layer formed on the sacrificial layer, a first insulat 
ing layer formed on the semiconductor layer, an electrically 
conductive layer formed over the first insulating layer, and a 
second insulating layer, Suitable for bonding to another insu 
lating layer, formed on the electrically conductive layer; 
forming a second Substrate portion having a second bulk 
Substrate and a third insulating layer formed on the second 
bulk Substrate; implanting a hydrogen species through the 
second insulating layer, the electrically conductive layer, the 
first insulating layer and the semiconductor layer, stopping 
within or beyond the sacrificial layer; bonding the second 
substrate portion to the first substrate portion so as to define a 
bonding interface between the second and third insulating 
layers; performing an annealing procedure so as to create a 
front of connecting Voids corresponding to a location of the 
hydrogen species; separating the bonded structure along the 
Void front; and removing any remaining part of the first bulk 
Substrate and the sacrificial layer on the semiconductor layer 
So as to define the double buried insulator back gate semicon 
ductor-on-insulator wafer structure, wherein the first insulat 
ing layer comprises an upper insulating layer, the bonded 
second and third insulating layers together comprise a lower 
insulating layer, the semiconductor layer comprises a semi 
conductor-on-insulator layer, the electrically conductive 
layer comprises a back gate layer, and the second bulk Sub 
strate comprises a bulk substrate of the double buried insula 
tor back gate semiconductor-on-insulator wafer structure. 
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0007. In another embodiment, a method of forming a 
double buried oxide (BOX), back gate (DBBG) silicon-on 
insulator (SOI) wafer structure for integrated circuit devices 
includes forming a first Substrate portion having a first bulk 
silicon Substrate, a silicon germanium (SiGe) layer epitaxi 
ally grown on the first bulk silicon Substrate, a silicon layer 
epitaxially grown on the SiGe layer, a first oxide layer ther 
mally grown or deposited on the silicon layer, an etch stop 
layer deposited on the first oxide layer, an electrically con 
ductive back gate layer formed on the etch stop layer, and a 
second oxide layer thermally grown or deposited on the back 
gate layer, forming a second Substrate portion having a sec 
ond bulk silicon substrate and a third oxide layer thermally 
grown or deposited on the second bulk Substrate; implanting 
a hydrogen species through the second oxide layer, the elec 
trically conductive backgate layer, the etch stop layer, the first 
oxide layer and the silicon layer, stopping within or beyond 
the SiGe layer; bonding the second substrate portion to the 
first Substrate portion so as to define a bonding interface 
between the second and third oxide layers; performing a first 
annealing procedure to enhance oxide-to-oxide bonding 
between the second and third oxide layers; performing a 
second annealing procedure at a higher temperature than the 
first annealing procedure so as to create a front of connecting 
Voids corresponding to a location of the hydrogen species; 
separating the bonded structure along the Void front; and 
removing any remaining part of the first bulk silicon Substrate 
and the SiGe layer on the silicon layer so as to define the 
DBBG SOI wafer structure, wherein the first oxide layer and 
the etch stop layer comprise an upper BOX, the bonded sec 
ond and third oxide layers together comprise a lower BOX, 
the silicon layer comprises a silicon-on-insulator (SOI) layer, 
the back gate layer is disposed between the upper BOX and 
the lower BOX, and the second bulk silicon substrate com 
prises a bulk substrate of the DBBG SOI wafer structure. 
0008. In still another embodiment, a semiconductor sub 
strate structure for integrated circuit devices includes a bulk 
substrate; a first insulating layer formed on the bulk silicon 
Substrate, the first insulating layer corresponding to a lower 
insulating layer; an electrically conductive back gate layer 
formed on the lower insulating layer, a second insulating 
layer formed on the back gate layer, the second insulating 
layer comprising an etch stop layer having a dielectric con 
stant greater than 4.0; a third insulating layer formed on the 
etch stop layer, with the second and third insulating layers, in 
combination, corresponding to an upper insulating layer, and 
a semiconductor-on-insulator layer formed on the upper insu 
lating layer. 
0009. In still another embodiment, a method of imple 
menting dual-depth shallow trench isolation (STI) formation 
in a semiconductor wafer includes forming a hardmask layer 
over a double buried insulator back gate semiconductor-on 
insulator substrate, the double buried insulator back gate 
semiconductor-on-insulator Substrate comprising a bulk Sub 
strate, a lower insulating layer formed on the bulk Substrate, 
an electrically conductive back gate layer formed over the 
lower insulating layer, an upper insulating layer formed over 
the back gate layer, and a semiconductor-on-insulator layer 
formed on the upper insulating layer, patterning the hardmask 
layer and etching through the semiconductor-on-insulator 
layer so as to form shallow active area level STI recesses; 
forming a photoresist layer over the Substrate and lithographi 
cally patterning the photoresist layer to selectively expose 
part of one or more of the active area level STI recesses; 
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etching through any remaining portion of the upper insulating 
layer and the back gate layer, thereby forming one or more 
deep back gate level STI recesses having portions thereof 
self-aligned to portions of one or more of the shallow active 
area level recesses; and filling both the shallow active area 
STI recesses and the self-aligned deep back gate level STI 
recesses with one or more insulating materials, and thereafter 
planarizing the one or more filled insulating materials. 
0010. In still another embodiment, a semiconductor sub 
strate structure with self-aligned, dual-depth shallow trench 
isolation (STI) for integrated circuit devices includes a double 
buried insulator back gate semiconductor-on-insulator Sub 
strate, the double buried insulator back gate semiconductor 
on-insulator Substrate comprising a bulk Substrate, a lower 
insulating layer formed on the bulk Substrate, an electrically 
conductive back gate layer formed over the lower insulating 
layer, an upper insulating layer formed over the back gate 
layer, and a semiconductor-on-insulator layer formed on the 
upper insulating layer; a plurality of shallow active area level 
STI recesses formed through the semiconductor-on-insulator 
layer; one or more deep back gate level STI recesses formed 
through the upper insulating layer and the backgate layer, the 
one or more deep backgate level STI recesses having portions 
thereof self-aligned to portions of one or more of the shallow 
active area level recesses; and both the shallow active area 
STI recesses and the one or more self-aligned deep back gate 
level STI recesses filled with one or more insulating materi 
als. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 Referring to the exemplary drawings wherein like 
elements are numbered alike in the several Figures: 
0012 FIGS. 1-9 are various cross-sectional views illus 
trating a method of forming a double buried oxide (BOX), 
back gate (DBBG) silicon-on-insulator (SOI) wafer struc 
ture, in accordance with an embodiment of the invention, 
where in particular: 
0013 FIGS. 1 and 2 illustrate the formation of a first 
substrate portion used for the DBBG SOI structure; 
0014 FIG. 3 illustrates a hydrogen species implanted into 
the silicon germanium (SiGe) layer of the first substrate por 
tion; 
0015 FIG. 4 illustrates the formation of a second substrate 
portion used for the DBBG SOI structure; 
(0016 FIG. 5 illustrates the bonding of the first substrate 
portion to the second Substrate portion; 
0017 FIG. 6 illustrates an annealing procedure to form a 
fracture front in the SiGe layer of the bonded structure; 
(0018 FIG. 7 illustrates the removal of a top portion of the 
bonded structure following separation at the SiGe layer; 
0019 FIG. 8 illustrates the remaining bottom portion of 
the bonded structure and remaining SiGe layer following 
wafer separation; 
(0020 FIG. 9 illustrates the completed DBBG SOI wafer 
structure following removal of the remaining SiGe layer and 
final bonding annealing procedure; and 
0021 FIGS. 10-18 are various top and cross sectional 
views illustrating a Subsequent self-aligned dual-depth shal 
low trench isolation process for the DBBG SOI wafer struc 
ture prior to frontgate formation, in accordance with a further 
embodiment of the invention. 

DETAILED DESCRIPTION 

0022 Disclosed herein is a method of fabricating low cost 
DBBG SOI wafers by eliminating the use of more expensive, 
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preformed SOI wafers as a starting substrate. In brief, the 
embodiments utilize partially processed bulk silicon wafers 
that are bonded at one location and then Subsequently sepa 
rated at another location to form a double BOX structure, and 
with the least need for highly uniform chemical mechanical 
polishing (CMP) in the substrate fabrication. It should be 
understood that although terms such as “BOX’ and “SOI 
originate from specific acronyms in the art that define certain 
materials (e.g., oxide, silicon), Such terms may also be 
applied to other materials such as insulators and semiconduc 
tors in general. That is, SOI can also describe other semicon 
ductors besides silicon on insulators, and BOX can refer to 
other buried insulator materials besides oxides. 

0023 FIG. 1 illustrates the formation of a first substrate 
portion 100, in which a bulk silicon substrate 102 has a 
sacrificial silicon germanium (SiGe) layer 104 (e.g., 5-1000 
nanometers (nm) in thickness) deposited thereon, at an exem 
plary Ge concentration of about 10-35%. The SiGe is fol 
lowed by a thin layer 106 (e.g., about 5-50 nm) of epitaxially 
grown silicon that will ultimately serve as the SOI layer of the 
double BOX structure. The silicon layer 106 may be formed 
in the same processing step as the SiGe layer (e.g., by shutting 
off a Ge gas source after completion of the SiGe layer forma 
tion). Then, a relatively thin (e.g., about 5-20 nm) oxide layer 
108 is thermally grown or deposited on top of the silicon layer 
106. The oxide layer 108 may be thermally grown or depos 
ited at a temperature of about 600-800° C., for example. 
0024. As further shown in FIG. 1, an etch stop layer 110 is 
deposited at a thickness of about 5-10 nm on the oxide layer 
108. The etch stop layer 110 is an insulator which may be a 
high dielectric constant (high-K) material Such as, for 
example, SiN. Hf), H?siO, Al-O, etc. As used herein, a 
“high-K' material may refer to any material having a dielec 
tric constant Substantially greater than 4.0. Then, an electri 
cally conductive layer 112 of back gate material (e.g., amor 
phous silicon, doped or undoped polysilicon, metal, metal 
silicide, metal nitride, etc.) of about 20-100 nm in thickness is 
deposited on the high-Ketch stop layer 110. 
0025. In FIG. 2, another oxide layer 114 (e.g., about 10-25 
nm) is thermally grown or deposited on the back gate layer 
112, which defines a Subsequent oxide bonding interface. 
Then, as shown in FIG. 3, a hydrogen implant step is per 
formed (as indicated by the arrows) in order to insert a layer 
of hydrogen species within or beyond the SiGe layer 104, in 
accordance with the well known Smart-Cut R) process 
described in U.S. Pat. No. 5,374,564. In order to prevent 
damage to the silicon (SOI) layer 106, the hydrogen species 
implant conditions should be such that the species stops or 
peaks at a suitable location such as in the SiGe layer 104, as 
indicated by implant region 116 in FIG. 3. 
0026 Referring next to FIG. 4, there is shown the forma 
tion of a second substrate portion 200, in which another bulk 
silicon substrate 202 has an oxide layer 204 (e.g., 10-100 
nanometers (nm) in thickness) thermally grown or deposited 
thereon. FIG. 5 illustrates the bonding of the first substrate 
portion 100 to the second substrate portion 200, wherein the 
deposited oxide layer 114 of the first substrate portion 100 is 
bonded to the oxide layer 204 of the second substrate portion 
200 through oxide-to-oxide bonding. Thus bonded, layers 
114 and 204 combine to define a lower BOX layer for a 
double BOX substrate. A first annealing procedure (e.g., at 
about 300° C.) is performed in order to enhance the bonding 
interface between layers 114 and 204. 
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0027. As then shown in FIG. 6, the structure undergoes a 
second annealing procedure (at a higher temperature than the 
first annealing procedure, e.g., at about 400°C.) So as to cause 
the hydrogen species to form a front of connecting voids 602 
of hydride regions within the SiGe layer 104. The structure is 
then fractured along the front as shown in FIG. 7. The top 
portion including bulk substrate 102 and a portion of SiGe 
layer 104 is then removed, leaving the structure as shown in 
FIG. 8 in which a portion of the SiGe layer 104 remains 
following wafer separation. Again, it will be appreciated that 
in the event the implant region 116 is substantially defined 
beyond the SiGe layer 104 and into the bulk silicon substrate 
102 during the implant procedure of FIG. 3, then the separa 
tion along the front in FIG. 7 would be depicted within bulk 
silicon substrate 102, and a portion thereof would remain atop 
the structure shown in FIG. 8. 

0028 Next, any remaining portion of the first silicon sub 
strate 102 is removed, for example, by polishing or by a 
selective wet etch with respect to silicon (e.g., a tetramethy 
lammonium hydroxide (TMAH) etch), and the remaining 
SiGe layer 104 is removed using an etch selective with respect 
to SiGe such as a hot Huang A type solution (NH4OH:HO: 
H2O). Finally, another annealing procedure (at a higher tem 
perature than the second annealing procedure, e.g., at about 
800-1000°C.) is then performed to further enhance the oxide 
to-oxide bonding. As shown in FIG.9, this results in a double 
BOX back gate structure 900 having a bulk substrate 202, a 
lower BOX layer 902 (having the oxide bonding interface 
therein) over the substrate 202, a conductive back gate layer 
112 over the lower BOX layer 902, an etch stop layer 110 over 
the conductive back gate layer 112, an upper BOX layer 108 
over the high-Ketch stop layer 110 and an SOI layer 106 over 
the upper BOX layer 108. Moreover, the DBBG SOI structure 
900 is formed in a manner such that an expensive SOI starting 
Substrate is not used beforehand, and in a manner where the 
thickness of the remaining SOI layer 106 and the dielectric 
layers 108 and 110 are all well controlled. The etch stop layer 
110 over the conductive back gate layer 112 provides a wet 
and dry etch isolation from a Subsequent dual-depth shallow 
trench isolation (STI) fabrication process for both the back 
gate and the active regions, and serves as a current leakage 
barrier for Subsequent device operations. 
0029. The DBBG SOI structure 900 as shown in FIG. 9 
can be used in a Subsequent dual-depth, self-aligned STI 
formation process in which, for example, transistor areas may 
be defined and dielectrically isolated by shallow STI regions 
within the SOI layer, and functional dielectrically-isolated 
back gates for individual transistors or groups of transistors 
may be defined by deeper STI regions passing through the 
backgate layer. Referring now to FIG.10, there is shown atop 
view of a DBBG SOI structure, following patterning of a 
hardmask layer (not shown in FIG. 10) and etching of the SOI 
layer 106 and upper BOX layer 108 (not seen in FIG. 10), 
stopping on the high-Ketch stop layer 110 So as to form active 
area mesas 106. Also shown in FIG. 10 and depicted by 
dashed regions 1002 are the relative locations of subsequently 
formed front gate structures (i.e., above the active area of the 
SOI layer 106), as well as the location of source/drain diffu 
sion region Subsequently implanted within the active area to 
define transistor devices. 

0030 FIG.11(a) is a cross sectional view of the structure 
taken along the arrows A-A in FIG. 10, while FIG.11(b) is a 
cross sectional view of the structure taken along the arrows 
B-B in FIG. 10. It will first be noted that in addition to the 
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Substrate layers shown and described in conjunction with 
FIGS. 1-9, the backgate layer 112 can be surrounded by a 
lower layer of silicon nitride (SiN) and an upper layer of SiN 
110 to act as a dopant diffusion barrier, in the event that 
polysilicon is the selected material of choice for the back gate 
layer 112. In this embodiment, such SiN layers (e.g., about 
5-10 nm in thickness) would be formed immediately before 
and after the formation of back gate layer in FIG. 1. As also 
shown in FIG. 11(a), an active area hardmask 1106 may 
include, for example, an SiN layer 1110 and a high density 
plasma (HDP) deposited oxide layer 1108. 
0031. In both FIGS.11(a) and 11(b), the isolation between 
adjacent active areas in the SOI layer 106 is depicted as 
shallow STI recesses 1112 for transistor device isolation. 
Portions of one or more of the STI recesses 1112 at this level 
will also define lower and deeper STI recesses at the back gate 
level, which in turn will be self-aligned to the corresponding 
shallower STI recesses at the SOI level. 
0032. In the top view of FIG. 12, a photoresist layer 1202 

is used to cover the active areas of the device, followed by 
exposure and selective removal of the resist to expose a por 
tion of one or more of the STI recesses 1112 where the deeper 
back gate level STI recesses are to be formed. FIG. 13(a) is a 
cross sectional view taken along the arrows A-A in FIG. 12, 
while FIG. 13(b) is a cross sectional view taken along the 
arrows B-B in FIG. 12. 
0033. The deeper back gate level STI recess(es) are 
defined by etching, beginning with the etch stop layer 110 
(using a separate etch chemistry with respect to the SOI level 
shallower STI etching), through the back gate layer 112 
(again changing etch chemistry), and stopping on or in the 
lower BOX 902. A top view following the deeper back gate 
STI etch is shown in FIG. 14. FIG. 15 is a cross sectional view 
taken along the arrows A-A in FIG. 14. In particular, FIG. 15 
illustrates a deeper recess 1502 for a back gate level STI. 
0034. Both the shallower (1112) and the deeper (1502) 
STI recesses are filled with deposition of dielectric material 
(s) such as HDP oxide. Additional layers of other insulating 
materials can be included in the STI fill as well. FIG.16 shows 
the structure in FIG. 15 after the STI fill process. The wafer is 
then treated with a high-temperature annealing procedure 
(e.g., at 1000°C.) to render densification of the deposited STI 
fill materials that are to be processed for the subsequent 
chemical and mechanical polish (CMP). The deposited STI 
fill materials are thinned down by the chemical and mechani 
cal polish (CMP) process and polished into the SiN layer 
1110 by certain depth (e.g., 10-15 nm). FIG. 17 shows both 
the shallower and the deeper STI structures after the CMP 
process. 

0035. In FIG. 18, the active area hardmask 1106 is 
removed by chemical etching (using different chemicals to 
remove the SiN layer 1110 and the HDP oxide layer 1108). In 
particular, FIG. 18 shows that the shallower STI 1802 and the 
deeper STI 1804, formed by the self-aligned process, facili 
tate dielectric isolations between the FETs and between the 
back gate areas for NFET and PFET. 
0036 While the invention has been described with refer 
ence to a preferred embodiment or embodiments, it will be 
understood by those skilled in the art that various changes 
may be made and equivalents may be substituted for elements 
thereof without departing from the scope of the invention. In 
addition, many modifications may be made to adapt a par 
ticular situation or material to the teachings of the invention 
without departing from the essential scope thereof. There 
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fore, it is intended that the invention not be limited to the 
particular embodiment disclosed as the best mode contem 
plated for carrying out this invention, but that the invention 
will include all embodiments falling within the scope of the 
appended claims. 
What is claimed is: 
1. A method of forming a semiconductor wafer structure 

for integrated circuit devices, the method comprising: 
forming a first Substrate portion having a first bulk Sub 

strate, a sacrificial layer formed on the first bulk sub 
strate, a semiconductor layer formed on the sacrificial 
layer, a first insulating layer formed on the semiconduc 
tor layer, an electrically conductive layer formed over 
the first insulating layer, and a second insulating layer, 
Suitable for bonding to another insulating layer, formed 
on the electrically conductive layer; 

forming a second Substrate portion having a second bulk 
Substrate and a third insulating layer formed on the sec 
ond bulk substrate; 

bonding the second substrate portion to the first substrate 
portion so as to define a bonding interface between the 
second and third insulating layers; 

separating the resulting bonded structure at a location 
within the first bulk substrate or the sacrificial layer and 
removing any remaining portion of the first bulk Sub 
strate; and 

removing any remaining portion of the sacrificial layer So 
as to define a double buried insulator backgate semicon 
ductor-on-insulator wafer structure, wherein the first 
insulating layer comprises an upper insulating layer, the 
bonded second and third insulating layers together com 
prise a lower insulating layer, the semiconductor layer 
comprises a semiconductor-on-insulator layer, the elec 
trically conductive layer comprises a back gate layer, 
and the second bulk substrate comprises a bulk substrate 
of the double buried insulator back gate semiconductor 
on-insulator wafer structure. 

2. The method of claim 1, wherein the sacrificial layer 
comprises silicon germanium (SiGe), the first, second and 
third insulating layers comprise silicon based oxide layers, 
and the semiconductor layer and first and second bulk Sub 
strates comprise silicon (Si). 

3. The method of claim 1, wherein the electrically conduc 
tive layer comprises one or more of amorphous silicon, 
undoped polysilicon, doped polysilicon, metal, metal sili 
cide, and metal nitride. 

4. The method of claim 1, further comprising performing 
an annealing procedure to enhance bonding between the sec 
ond and third insulating layers. 

5. The method of claim 1, further comprising forming an 
etch stop layer between the first insulating layer and the 
electrically conductive layer. 

6. The method of claim 5, wherein the etch stop layer 
comprises an insulator having a dielectric constant greater 
than 4.0. 

7. The method of claim 6, wherein the etch stop layer 
comprises one or more of SiN. HfC), Hf,SiO, and Al-O. 

8. A method of forming a double buried insulator backgate 
semiconductor-on-insulator wafer structure for integrated 
circuit devices, the method comprising: 

forming a first Substrate portion having a first bulk Sub 
strate, a sacrificial layer formed on the first bulk sub 
strate, a semiconductor layer formed on the sacrificial 
layer, a first insulating layer formed on the semiconduc 



US 2010/0176482 A1 

tor layer, an electrically conductive layer formed over 
the first insulating layer, and a second insulating layer, 
Suitable for bonding to another insulating layer, formed 
on the electrically conductive layer; 

forming a second Substrate portion having a second bulk 
Substrate and a third insulating layer formed on the sec 
ond bulk substrate; 

implanting a hydrogen species through the second insulat 
ing layer, the electrically conductive layer, the first insu 
lating layer and the semiconductor layer, stopping 
within or beyond the sacrificial layer; 

bonding the second substrate portion to the first substrate 
portion so as to define a bonding interface between the 
second and third insulating layers; 

performing an annealing procedure so as to create a front of 
connecting voids corresponding to a location of the 
hydrogen species; 

separating the bonded structure along the Void front; and 
removing any remaining part of the first bulk Substrate and 

the sacrificial layer on the semiconductor layer so as to 
define the double buried insulator back gate semicon 
ductor-on-insulator wafer structure, wherein the first 
insulating layer comprises an upper insulating layer, the 
bonded second and third insulating layers together com 
prise a lower insulating layer, the semiconductor layer 
comprises a semiconductor-on-insulator layer, the elec 
trically conductive layer comprises a back gate layer, 
and the second bulk substrate comprises a bulk substrate 
of the double buried insulator back gate semiconductor 
on-insulator wafer structure. 

9. The method of claim 8, wherein the sacrificial layer 
comprises silicon germanium (SiGe), the first, second and 
third insulating layers comprise silicon based oxide layers, 
and the semiconductor layer and first and second bulk Sub 
strates comprise silicon (Si). 

10. The method of claim 8, wherein the electrically con 
ductive layer comprises one or more of amorphous silicon, 
undoped polysilicon, doped polysilicon, metal, metal sili 
cide, and metal nitride. 

11. The method of claim 8, further comprising performing 
another annealing procedure to enhance bonding between the 
second and third insulating layers. 

12. The method of claim 8, further comprising forming an 
etch stop layer between the first insulating layer and the 
electrically conductive layer. 

13. The method of claim 12, wherein the etch stop layer 
comprises an insulator having a dielectric constant greater 
than 4.0. 

14. The method of claim 13, wherein the etch stop layer 
comprises one or more of SiN. HfC), H?siO, and Al-O. 

15. A method of forming a double buried oxide (BOX), 
back gate (DBBG) silicon-on-insulator (SOI) wafer structure 
for integrated circuit devices, the method comprising: 

forming a first Substrate portion having a first bulk silicon 
Substrate, a silicon germanium (SiGe) layer epitaxially 
grown on the first bulk silicon Substrate, a silicon layer 
epitaxially grown on the SiGe layer, a first oxide layer 
thermally grown or deposited on the silicon layer, an 
etch stop layer deposited on the first oxide layer, an 
electrically conductive back gate layer formed on the 
etch stop layer, and a second oxide layer thermally 
grown or deposited on the back gate layer, 
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forming a second Substrate portion having a second bulk 
silicon Substrate and a third oxide layer thermally grown 
or deposited on the second bulk substrate; 

implanting a hydrogen species through the second oxide 
layer, the electrically conductive back gate layer, the 
etch stop layer, the first oxide layer and the silicon layer, 
stopping within or beyond the SiGe layer; 

bonding the second substrate portion to the first substrate 
portion so as to define a bonding interface between the 
second and third oxide layers; 

performing a first annealing procedure to enhance oxide 
to-oxide bonding between the second and third oxide 
layers; 

performing a second annealing procedure at a higher tem 
perature than the first annealing procedure so as to create 
a front of connecting Voids corresponding to a location 
of the hydrogen species: 

separating the bonded structure along the Void front; and 
removing any remaining part of the first bulk silicon Sub 

strate and the SiGe layer on the silicon layer so as to 
define the DBBG SOI wafer structure, wherein the first 
oxide layer and the etch stop layer comprise an upper 
BOX, the bonded second and third oxide layers together 
comprise a lower BOX, the silicon layer comprises a 
silicon-on-insulator (SOI) layer, the back gate layer is 
disposed between the upper BOX and the lower BOX, 
and the second bulk silicon Substrate comprises a bulk 
Substrate of the DBBG SOI wafer structure. 

16. The method of claim 15, further comprising perform 
ing a third annealing procedure at a higher temperature than 
the second annealing procedure to further enhance the oxide 
to-oxide bonding between the second and third oxide layers. 

17. The method of claim 15, wherein removing the remain 
ing portion of the SiGe layer on the silicon layer comprises 
applying a hot Huang A type cleaning Solution (NH4OH: 
HO:HO). 

18. The method of claim 15, further comprising removing 
any remaining portion of the first silicon Substrate by apply 
ing a tetramethylammonium hydroxide (TMAH) etch that is 
selective with respect to silicon, and wherein removing the 
remaining portion of the SiGe layer on the silicon layer com 
prises applying a hot Huang A type cleaning Solution 
(NH4OH:HO:HO). 

19. The method of claim 15, wherein the SiGe layer has a 
germanium concentration of about 10 to 35%. 

20. The method of claim 15, wherein the electrically con 
ductive back gate layer comprises one or more of amorphous 
silicon, undoped polysilicon, doped polysilicon, metal, metal 
silicide, and metal nitride. 

21. The method of claim 15, wherein the etch stop layer is 
about 5 to about 10 nanometers (nm) in thickness. 

22. The method of claim 15, wherein the etch stop layer 
comprises a layer having a dielectric constant greater than 
4.0. 

23. A semiconductor wafer structure for integrated circuit 
devices, comprising: 

a bulk substrate; 
a first insulating layer formed on the bulk silicon Substrate, 

the first insulating layer corresponding to a lower insu 
lating layer, 

an electrically conductive back gate layer formed on the 
lower insulating layer, 
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a second insulating layer formed on the back gate layer, the 
second insulating layer comprising an etch stop layer 
having a dielectric constant greater than 4.0; 

a third insulating layer formed on the etch stop layer, with 
the second and third insulating layers, in combination, 
corresponding to an upper insulating layer; and 

a semiconductor-on-insulator layer formed on the upper 
insulating layer. 

24. A method of implementing dual-depth shallow trench 
isolation (STI) formation in a semiconductor wafer, the 
method comprising: 

forming a hardmask layer over a double buried insulator 
back gate semiconductor-on-insulator Substrate, the 
double buried insulator back gate semiconductor-on 
insulator Substrate comprising a bulk Substrate, a lower 
insulating layer formed on the bulk Substrate, an electri 
cally conductive back gate layer formed over the lower 
insulating layer, an upper insulating layer formed over 
the back gate layer, and a semiconductor-on-insulator 
layer formed on the upper insulating layer; 

patterning the hardmask layer and etching through the 
semiconductor-on-insulator layer so as to form shallow 
active area level STI recesses; 

forming a photoresist layer over the Substrate and litho 
graphically patterning the photoresist layer to selec 
tively expose part of one or more of the active area level 
STI recesses; 

etching through any remaining portion of the upper insu 
lating layer and the backgate layer, thereby forming one 
or more deep back gate level STI recesses having por 
tions thereof self-aligned to portions of one or more of 
the shallow active area level recesses; and 

filling both the shallow active area STI recesses and the 
self-aligned deep back gate level STI recesses with one 
or more insulating materials, and thereafter planarizing 
the one or more filled insulating materials. 
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25. The method of claim 24, wherein etching of the shallow 
active area level STI recesses stops on an etch stop layer 
included in the upper insulating layer. 

26. The method of claim 24, wherein etching of the deep 
back gate level STI recess stops on the lower insulating layer. 

27. A semiconductor substrate structure with self-aligned, 
dual-depth shallow trench isolation (STI) for integrated cir 
cuit devices, comprising: 

a double buried insulator back gate semiconductor-on-in 
sulator substrate, the double buried insulator back gate 
semiconductor-on-insulator Substrate comprising a bulk 
substrate, a lower insulating layer formed on the bulk 
Substrate, an electrically conductive back gate layer 
formed over the lower insulating layer, an upper insulat 
ing layer formed over the back gate layer, and a semi 
conductor-on-insulator layer formed on the upper insu 
lating layer, 

a plurality of shallow active area level STI recesses formed 
through the semiconductor-on-insulator layer; 

one or more deep back gate level STI recesses formed 
through the upper insulating layer and the back gate 
layer, the one or more deep backgate level STI recesses 
having portions thereof self-aligned to portions of one or 
more of the shallow active area level recesses; and 

both the shallow active area STI recesses and the one or 
more self-aligned deep back gate level STI recesses 
filled with one or more insulating materials. 

28. The structure of claim 27, wherein a bottom surface of 
the shallow active area level STI recesses stops on an etch stop 
layer included in the upper insulating layer. 

29. The method of claim 27, wherein a bottom surface of 
the one or more deep back gate level STI recesses stops on the 
lower insulating layer. 
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