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(57) ABSTRACT 

A process of making a partial silicon-on-insulator ledge is 
disclosed. A deep implantation region is created in a sub 
strate. During a lateral cavity etch, the deep implantation 
region resists etching. The lateral cavity etch acts to partially 
isolate an active area above the deep implantation region. 
The deep implantation region is formed at various process 
stages according to embodiments. An active device is also 
disclosed that is achieved by the process. A system is also 
disclosed that uses the active device. 
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PROCESS FOR MAKING A 
SILICON-ON-INSULATOR LEDGE AND 
STRUCTURES ACHIEVED THEREBY 

[0001] This application is a Continuation of US. applica 
tion Ser. No. 10/118,569, ?led Apr. 8, 2002, Which is 
incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] An embodiment relates to semiconductor process 
ing. One embodiment in particular relates to a process for 
making a silicon-on-insulator ledge structure that includes a 
partially isolated active area in a semiconductive substrate. 

BACKGROUND 

[0003] Semiconductor processing is an intensive activity 
during Which several processes are integrated to achieve a 
Working device. MiniaturiZation is the process of croWding 
more semiconductive devices onto a smaller substrate area 

in order to achieve better device speed, loWer energy usage, 
and better device portability, among others. NeW processing 
methods must often be developed to enable miniaturiZation 
to be realiZed. Preferably, the processing methods needed to 
fabricate such devices are developed in a manner that 
existing processing equipment can be used. 

[0004] The pressure to continue the miniaturiZation pro 
cess also leads to neW semiconductor device structures. As 
individual active devices become smaller and are fabricated 
closer together, leakage and second order effects become 
more signi?cant. In the ?eld of metal oxide semiconductor 
?eld-effect transistors (MOSFET), device leakage and min 
iaturiZation appear to be antagonistic challenges. Often, 
oxidation is carried out for the purpose of isolation, but 
oxidation often imparts stresses in the Workpieces that lead 
to device failure. Deposition processes, although necessary, 
are time-consuming and costly. Further, deposition pro 
cesses require masking and careful application. Further, 
deposition processes are preferentially applied When an 
integrated process can take advantage of a given deposition 
simultaneously in unrelated areas of a device. 

SUMMARY 

[0005] The above mentioned problems and challenges are 
overcome by embodiments of this invention. One embodi 
ment is directed to a process of forming a partially isolated 
structure of suf?cient siZe to permit the fabrication of an 
active device thereon. The process includes forming an 
etch-selective region in the semiconductive Workpiece that 
restricts the effects of an isotropic etch. The etch-selective 
region is created by implantation that causes the semicon 
ductive material to become amorphous. 

[0006] Protective material, such as a polysilicon layer and 
a nitride layer, is deposited over a pad oxide layer to protect 
the pad oxide layer. An active area is de?ned by patterning 
a mask. The protective material, the pad oxide layer, and 
?nally the substrate are etched to form a trench around the 
active area. A protective ?lm that is typically nitride mate 
rial, is formed upon exposed silicon. The substrate is etched 
to deepen the trench around What Will become the active area 
to a level beloW the protective layer. The etch-selective 
implantation region is either then formed or exposed by the 
previous etch. An isotropic etch folloWs that acts to sub 
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stantially insulate the active area by its undercutting effect. 
The implantation region is annealed to repair the crystal 
lattice of the substrate. Thereafter, an alternative oxidation 
process is done to further isolate the active area from 
adjacent active areas or other structures. Oxide spacers are 
formed on the sides of the active area, and the remainder of 
the trench is ?lled to form a shalloW trench isolation (STI) 
structure. 

[0007] An embodiment is also directed to a partially 
isolated structure of suf?cient siZe to permit the fabrication 
of an active device thereon. The partially isolated structure 
is comprised of a portion of the a substrate that has an 
undercut lateral cavity that is shaped in a manner Which 
de?nes the active area of the partially isolated structure. 

[0008] The process and structure of various embodiments 
enable active devices to be packed into ultra-dense con?gu 
rations using currently available fabrication equipment. 
Because the diode junctions of active devices are formed in 
areas of the substrate that are at least partially isolated from 
the remainder of the substrate, the diode junctions may be 
fabricated to be less leaky. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] In order that the manner in Which embodiments of 
the present invention are obtained, a more particular descrip 
tion of the invention brie?y described above Will be ren 
dered by reference to speci?c embodiments thereof Which 
are illustrated in the appended draWings. Understanding that 
these draWings depict only typical embodiments of the 
invention that are not necessarily draWn to scale and are not 
therefore to be considered to be limiting of its scope, the 
invention Will be described and explained With additional 
speci?city and detail through the use of the accompanying 
draWings in Which: 

[0010] FIG. 1 is a cross section of a structure during 
processing according to an embodiment. 

[0011] FIG. 2 is a cross section of the structure depicted 
in FIG. 1 after further processing. 

[0012] FIG. 3 is a cross section of the structure depicted 
in FIG. 2 after further processing in Which a nitride ?lm has 
been groWn on exposed silicon. 

[0013] FIG. 4 is a cross section of the structure depicted 
in FIG. 3 after further processing. 

[0014] FIG. 5 is a cross section of the structure depicted 
in FIG. 4 after further processing in Which a lateral recess 
has been etched. 

[0015] FIG. 6 is a cross section of the structure depicted 
in FIG. 5 after further processing. 

[0016] FIG. 7 is a cross section of the structure depicted 
in FIG. 6 after further processing in Which oxidation and 
oxide ?ll processes have been done. 

[0017] FIG. 8 is a cross section of the structure depicted 
in FIG. 6 after alternative further processing in Which 
minimal oxidation or no oxidation, and oxide ?ll processes 
have been done. 

[0018] FIG. 9 is a cross section of the structure depicted 
in FIG. 6 after alternative further processing in Which 
minimal oxidation or no oxidation, and oxide ?ll processes 
have been done. 
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[0019] FIG. 10 is a cross section that includes the struc 
ture depicted in FIG. 9 after further processing. 

[0020] FIG. 11 is a cross section that includes a portion of 
the structure depicted in FIG. 10 after further processing. 

[0021] FIG. 12 is a cross section of a structure during 
processing according to an embodiment. 

[0022] FIG. 13 is a cross section of the structure depicted 
in FIG. 12 after an anisotropic etch. 

[0023] FIG. 14 is a cross section of the structure depicted 
in FIG. 13 after further processing in Which a nitride ?lm 
has been groWn on exposed silicon. 

[0024] FIG. 15 is a cross section of the structure depicted 
in FIG. 14 after further processing. 

[0025] FIG. 16 is a cross section of the structure depicted 
in FIG. 15 after further processing in Which a lateral recess 
has been etched. 

[0026] FIG. 17 is a cross section of the structure depicted 
in FIG. 16 after an anneal process. 

[0027] FIG. 18 is a cross section of a structure during 
processing according to an embodiment. 

[0028] FIG. 19 is a cross section of the structure depicted 
in FIG. 18 after an anisotropic etch. 

[0029] FIG. 20 is a cross section of the structure depicted 
in FIG. 19 after further processing in Which a nitride ?lm 
has been groWn on exposed silicon. 

[0030] FIG. 21 is a cross section of the structure depicted 
in FIG. 20 after further processing. 

[0031] FIG. 22 is a cross section of the structure depicted 
in FIG. 21 after further processing in Which a lateral recess 
has been etched. 

[0032] FIG. 23 is a cross section of the structure depicted 
in FIG. 22 after an anneal process. 

[0033] FIG. 24 is a top vieW of a Wafer or substrate 
containing semiconductor dies in accordance With an 
embodiment. 

[0034] FIG. 25 is a block diagram of a circuit module in 
accordance With an embodiment. 

[0035] FIG. 26 is a block diagram of a memory module in 
accordance With an embodiment. 

[0036] FIG. 27 is a block diagram of an electronic system 
in accordance With another embodiment the present inven 
tion. 

[0037] FIG. 28 is a block diagram of a memory system in 
accordance With an embodiment. 

[0038] FIG. 29 is a block diagram of a computer system 
in accordance With an embodiment. 

DETAILED DESCRIPTION 

[0039] In one embodiment as depicted in FIG. 1, a sub 
strate 10 is provided Which includes a semiconductive 
material. The terms Wafer and substrate used in the folloW 
ing description include any structure having an exposed 
surface With Which to form the integrated circuit (IC) 
structure relating to embodiments of the invention. The term 
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substrate is understood to include semiconductor Wafers. 
The term substrate is also used to refer to semiconductor 
structures during processing, and may include other layers 
that have been fabricated thereupon. Both Wafer and sub 
strate include doped and undoped semiconductors, epitaxial 
semiconductor layers supported by a base semiconductor or 
insulator, as Well as other semiconductor structures Well 
knoWn to one skilled in the art. The term conductor is 
understood to include semiconductors, and the term insula 
tor or dielectric is de?ned to include any material that is less 
electrically conductive than the materials referred to as 
conductors. 

[0040] The substrate 10 has a pad oxide layer 12 deposited 
thereon. As used herein, the term deposited is used broadly 
to mean layers Which are not only deposited in the traditional 
sense, but layers of material Which are groWn or in any other 
manner caused to be formed. A protective layer 14 is 
deposited on top of the pad oxide layer 12 to act as a buffer 
during subsequent etch steps and other processing. In one 
embodiment, the protective layer 14 is polysilicon. In one 
embodiment, the protective layer 14 is a nitride material. In 
another embodiment, the protective layer 14 is a polysilicon 
layer that is covered With a nitride material. The speci?c 
combination is selected depending upon process integration 
choices. 

[0041] A mask 16 is formed and patterned upon the 
protective layer 14. In one embodiment, the mask 16 is a 
photoresist material that is spun on, exposed, cured, and 
patterned. In another embodiment, the mask 16 is a hard 
mask material such as a nitride or oxide. The area protected 
by the mask 16 de?nes What Will become an active area in 
a partial silicon-on-insulator (SOI) structure. 

[0042] FIG. 2 illustrates an embodiment after an etch 
process that has exposed the regions unprotected by the 
mask 16. In the etch process, the protective layer 14 and the 
pad oxide layer 12 have also been patterned, and a recess 18 
has been formed With a recess ?rst bottom 20 and a recess 
?rst Wall 22. 

[0043] FIG. 3 illustrates the structure depicted in FIG. 2 
after further processing in Which the mask 16 has been 
removed and a nitride ?lm 24 has been groWn onto the 
exposed semiconductive material of the substrate 10. In one 
embodiment, the exposed semiconductive material of the 
substrate 10 is exposed silicon. The nitride ?lm 24 is 
depicted as covering the recess ?rst bottom 20 and the recess 
?rst Wall 22. The nitride ?lm 24 may be groWn by knoWn 
processes under conditions that deposit only upon semicon 
ductive material such as exposed silicon. One such process 
is remote-plasma nitridation (RPN). In RPN, a nitride 
bearing plasma is struck, remote from substrate 10, but 
Within the deposition tool, and the nitride-bearing plasma is 
carried by convective force toWard the substrate 10. In one 
embodiment, an RPN process is carried out in a time range 
from about 10 seconds to about 10 minutes. In another 
embodiment, an RPN process is carried out in a time range 
from about 1 minute to about 3 minutes. Another process 
that may be used to form the nitride ?lm 24 is rapid thermal 
nitridation (RTN). Such processing is also knoWn in the art. 

[0044] Alternative to the formation of a nitride ?lm 24, an 
oxide ?lm may be formed, either by remote-plasma oxida 
tion (RPO) or by rapid thermal oxidation (RTO). Similarly, 
a combination of an oxide and a nitride is formed according 
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to an embodiment as set forth herein. In one embodiment, 
the placement of the oxide precedes the placement of the 
nitride, or visa versa. Similarly, an oxynitride ?lm is formed 
in the place of the nitride ?lm 24 according to an alternative 
embodiment. The process is carried out by either a remote 
plasma process or a rapid thermal process. Although not 
limiting the embodiments disclosed, for convenience 
throughout the remainder of the disclosure, the ?lm 24 is 
referred to a the nitride ?lm 24. 

[0045] FIG. 4 illustrates processing of the substrate 10 in 
Which an etch has formed a recess second bottom 26 beloW 
the level of the recess ?rst bottom 20. The recess ?rst bottom 
20 noW appears as a substrate ledge structure. Because of the 
presence of the nitride ?lm 24, the recess ?rst Wall 22 is 
protected, and a recess second Wall 28 has been formed that 
is approximately coplanar With the lateral extremity of the 
nitride ?lm 24. In one embodiment, an anisotropic etch, such 
as a reactive ion etch, is used such that the nitride ?lm 24 is 
left standing upon the ledge of What is left of the recess ?rst 
bottom 20. 

[0046] For a 0.25-micron critical-dimension (CD or mini 
mum feature) process, the remnant of the nitride ?lm 24 has 
a height in a range from about 0.1 microns to about 0.15 
microns. In this dimension, the distance from the remnant of 
the recess ?rst bottom 20 to the recess second bottom 26 is 
in a range from about 0.1 microns to about 0.3 microns. 
Alternatively, for a 0.15-micron critical-dimension (CD or 
minimum feature) process, the remnant of the nitride ?lm 24 
has a height, H, in a range from about 0.07 microns to about 
0.12 microns. In this dimension, the distance from the 
remnant of the recess ?rst bottom 20 to the recess second 
bottom 26 is in a range from about 0.08 microns to about 0.2 
microns. 

[0047] At the level of the recess second bottom 26, a deep 
implantation region 30 is formed. In one embodiment, the 
deep implantation region 30 is made of materials that are 
substantially identical to the bulk semiconductive material in 
the substrate 10. Implantation is carried out at an energy 
level that achieves self-interstitial implantation, and that 
causes the implantation region 30 to become amorphous 
enough to have an etch responsiveness that is different from 
the bulk semiconductive material in the substrate 10. In one 
embodiment, implantation conditions use a silicon source 
that is implanted to a monocrystalline-to-self interstitial ratio 
of about 3:1. By “silicon source” it is meant that silicon or 
another Group IV element is used, or a combination such as 
silicon and germanium. In one embodiment, the implanted 
concentration is from about 1E14 atoms/cm2 to about 5E15 
atoms/cm2 at process conditions of ambient temperature (20 
C to about 30 C) and an implantation energy from about 20 
KeV to about 30 KeV. In one embodiment, a silicon source 
that is substantially equivalent to the silicon chemistry of the 
bulk of the semiconductive substrate 10, is implanted to a 
concentration of about 1E15 atoms/cm2 and process condi 
tions are about 25 C and an implantation energy of about 25 
KeV. 

[0048] After the deep implantation, an etch recipe is used 
in subsequent processing that is selective to the amorphous 
material of the implantation region 30 and to the nitride ?lm 
24, but the etch recipe removes bulk semiconductive mate 
rial in the substrate 10. In one embodiment, the etch recipe 
is a Wet tetramethyl ammonium hydroxide (TMAH) etch as 
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is knoWn in the art. In another embodiment, the Wet etch 
uses a potassium hydroxide (KOH) etch chemistry that is 
knoWn in the art. The TMAH etch chemistry is desirable 
because it is selective such that it etches the bulk silicon of 
the substrate 10, but does not substantially etch the nitride 
?lm 24 or the implantation region 30. In one embodiment, 
the selectivity is in a range from about 5:1 to about 20:1. In 
another embodiment, the selectivity is about 10:1. The 
isotropic etch may also be combined With an anisotropic 
etch, either before or after the isotropic etch. By using both 
an isotropic and an anisotropic etch, both the doWnWard 
etching and the undercutting of the nitride ?lm 24 may be 
varied to suit particular applications. 

[0049] Various Wet TMAH etch recipes are knoWn that are 
selective to amorphous silicon and to nitride ?lms (or oxide 
?lms, or oxynitride ?lms), and that isotropically etch bulk 
monocrystalline silicon along crystallographic planes. FIG. 
5 illustrates the results of a TMAH etch that has formed a 
lateral cavity 34 that has undercut What Will become the 
active area 32. By this undercutting etch, the active area 32 
has been mostly isolated from the bulk semiconductive 
material in the substrate 10, at the level of the ledge that is 
formed at the recess ?rst bottom 20. 

[0050] Under the etch conditions, and due to the scale of 
the lateral cavity 34, a distinctive contour may appear 
therein. The TMAH etch has an effect along crystallographic 
planes such that a faceted contour may appear Within the 
lateral cavity 34. It can be seen that faceted surfaces 36, 38, 
40, and 42 are illustrated on one side. HoWever, these are 
depicted in arbitrary shape, angle and siZe for illustrative 
purposes, and the speci?c shapes, angles, and siZes of the 
faceted surfaces Will depend upon the crystallographic ori 
entation of the bulk semiconductive material in the substrate 
10 and upon the speci?c etch recipe and conditions, among 
other factors. According to the speci?c etch conditions, a 
photomicrographic vieW of the lateral cavity 34 depicts 
substended crystallographic planes of bulk semiconductive 
material in the substrate 10 that have been exposed by the 
TMAH etch. 

[0051] After formation of the lateral cavity 34, the implan 
tation region 30 is treated to form an annealed implantation 
region 44 as illustrated in FIG. 6. The annealed implantation 
region 44 has been returned to substantially the same 
semiconductive quality as the bulk semiconductive material 
in the substrate 10 by substantially repairing the monocrys 
talline lattice in What Was the deep implantation region 30 
(FIG. 5). The conditions for annealing are knoWn in the art, 
and depend upon the depth of the deep implantation region 
30, the available thermal budget of the process, and other 
factors. 

[0052] FIG. 7 illustrates further processing according to 
an embodiment. In one embodiment, the exposed surface of 
the active area 32 and the bulk semiconductive material of 
the substrate 10 is oxidiZed. KnoWn thermal oxidation 
techniques are used. The oxidation 46 consumes silicon 
doWnWard into the substrate 10, sideWays into the faceted 
surfaces 36, 38, 40, and 42 (FIG. 6), and upWard into the 
bottom of the active area 32. The oxidation 46 is depicted as 
folloWing the previously exposed contours of the recess 
second bottom 26 and the faceted surfaces 36, 38, 40, and 42 
Within the lateral cavity 34, but the exact shape depicted is 
for illustrative purposes and Will vary, depending upon 




















