
(19) United States 
US 20020001965A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0001965 A1 
FORBES (43) Pub. Date: Jan. 3, 2002 

(54) TECHNIQUE FOR PRODUCING SMALL 
ISLANDS OF SILICON ON INSULATOR 

(76) Inventor: LEONARD FORBES, CORVALLIS, 
OR (US) 

Correspondence Address: 
SCHWEGMAN LUNDBERG WOESSNER & 
KLUTH 
P O BOX 2938 
MINNEAPOLIS, MN 55402 

( * ) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) Appl. No.: 08/898,187 

(22) Filed: Jul. 22, 1997 

Related US. Application Data 

(62) Division of application No. 08/706,230, ?led on Sep. 
4, 1996, noW Pat. No. 5,691,230. 

102 
106 106 

104 

Publication Classi?cation 

nt. . ........................ .. ; ; 51 I C]7 H01L 27/01 H01L 27/12 
H01L 31/0392; H01L 21/311; 
H01L 21/302; H01L 21/461 

(52) US. Cl. ......................... .. 438/734; 438/700; 438/713 

(57) ABSTRACT 

Using sub-micron technology, silicon on insulator (SOI) 
roWs and islands are formed in a silicon substrate. Trenches 
are directionally-etched in the silicon substrate, leaving roWs 
of silicon betWeen the trenches. Silicon nitride is then 
deposited over the trenches, extending partly doWn the sides 
of the trenches. An isotropic chemical etch is then used to 
partially undercut narroW roWs of silicon in the substrate. A 
subsequent oxidation step fully undercuts the roWs of sili 
con, isolating the silicon rows from adjacent active areas. 
Devices, such as transistors for CMOS and DRAMs, are 
then formed in active areas, Wherein the active areas are 
defrned on the silicon roWs by LOCal Oxidation of Silicon 

(LOCOS). 
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TECHNIQUE FOR PRODUCING SMALL ISLANDS 
OF SILICON ON INSULATOR 

FIELD OF THE INVENTION 

[0001] The present invention relates to methods and appa 
ratus for isolating semiconductor devices With silicon on 
insulator technology, and in particular, for forming isolated 
silicon islands using sub-micron technology. 

BACKGROUND OF THE INVENTION 

[0002] The advantages of silicon on insulator (SOI) tech 
nology for complementary metal-oxide-semiconductor 
(CMOS) integrated circuits (ICs) are Well documented. In 
general, undesired p-n junction capacitance betWeen a 
source/drain and a substrate is reduced by approximately 
tWenty-?ve-percent When using SOI technology. Further 
more, active current consumption is less and device access 
time is equivalent to that of similar devices formed on 
bulk-silicon substrates. Other advantages of SOI technology 
include suppression of the short channel effect, suppression 
of the body-effect, high punch-through immunity, and free 
dom from latch-up and soft errors. As the demand increases 
for battery-operated equipment, SOI technology is becom 
ing increasingly more popular due to its loW poWer require 
ments and high speeds. 

[0003] There are many different techniques for isolating 
devices in ICs. A technique is selected according to its 
different attributes, such as: minimum isolation spacing, 
surface planarity, process complexity, and density of defects 
generated during fabrication. 

[0004] SIMOX (Separation by IMplanted OXygen) tech 
nology is one method for forming SOI structures. SIMOX 
entails implanting a high dose of oxygen ions at a suf? 
ciently deep level Within a silicon substrate. A subsequent 
anneal step forms a buried oxide layer in the substrate. After 
the anneal step, an additional layer of epitaxial silicon is 
usually deposited to obtain a suf?ciently thick silicon layer 
on Which to form a device. Disadvantages of using SIMOX 
include its high expense and yield loss, Which undesirably 
decreases achievable chip density. 

[0005] Another technique for forming an isolation layer in 
a substrate is by the Wafer bonding method. Using this 
technique, tWo oxidiZed silicon Wafers are fused together 
through a high-temperature furnace step. HoWever, this 
technique increases the substrate thickness, Which is often a 
critical dimension. Furthermore, Wafer bonding techniques 
are often plagued by loW production yield due to particles/ 
voids, Which prevent adequate bonding betWeen the tWo 
Wafers in such areas. 

[0006] Another technique used for forming an isolation 
layer in a substrate is by forming silicon islands through a 
series of etch and oxidation steps. For example, US. Pat. 
No. 4,604,162 (hereinafter the ’162 patent) uses a series of 
a pad oxide layer, a silicon nitride layer, and a silicon dioxide 
layer, Which is photolithographically masked and anisotro 
pically etched to de?ne silicon islands capped With a silicon 
nitride layer. Then, a second anisotropic etch (such as a 
reactive ion etch (RIE)) removes further substrate material 
betWeen the silicon islands. The depth of the second aniso 
tropic etch is proportional to the Width of the silicon islands. 
A subsequent oxidation step forms silicon dioxide, under 
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cutting the silicon islands and isolating each of them from 
surrounding regions. HoWever, this technique has not been 
used commercially because it is too costly and consumes too 
much time to oxidiZe an area having an effective Width as 
great as that of the feature siZe. Another disadvantage of this 
technique is that the resulting isolated silicon structure has 
excess mechanical stress and crystal damage at each of its 
corners, due to oxidation around the entirety of each indi 
vidual island, Which is necessary for its complete isolation. 
Furthermore, the method described in the patent application 
requires an additional planariZation step, Which adds com 
plexity to the fabrication process. 

[0007] There is a need for an effective isolation technique 
for sub-micron semiconductor technology that is ef?cient 
and simple. A primary concern in the fabrication of ICs is 
simplicity and minimiZation of process steps. There is a need 
for an isolation technique that is inexpensive and compatible 
With large volume CMOS manufacturing technology. Fur 
thermore, an isolation technique, Which alloWs fabrication of 
highly dense ICs Without increasing the dimensions of the 
IC is needed. 

SUMMARY OF THE INVENTION 

[0008] Silicon on insulator (SOI) roWs and islands are 
formed for subsequent sub-micron device formation. For 
example, complementary metal-oxide-semiconductor 
(CMOS) transistors are later formed on such SOI roWs, 
isolated from each other using standard techniques, such as 
LOCal Oxidation of Silicon (LOCOS). To form the roWs, 
trenches are directionally-etched in a silicon substrate, leav 
ing roWs of silicon betWeen the trenches. 

[0009] Silicon nitride is then deposited over the trenches, 
extending partly doWn the sides of the trenches. An isotropic 
chemical etch is then used to partially undercut narroW roWs 
of silicon in the substrate. It is important to use an isotropic 
etch for this step to compensate for the volume of oxide to 
be formed. In general, the volume of oxide formed is 
approximately tWice that of the silicon consumed. Further 
more, an isotropic etch is necessary to advantageously 
minimiZe the subsequent oxidation time needed to fully 
undercut the silicon roWs. The subsequent oxidation step 
fully undercuts the roWs of silicon, isolating the silicon roWs 
from adjacent active areas. 

[0010] One advantage of this invention is that by using 
narroW, sub-micron roWs of silicon and appropriately 
designed process conditions, generally planar structures are 
formed in an integrated circuit (IC). The larger volume of 
oxide ?lls the trenches betWeen the roWs. This avoids 
complex and expensive planariZation techniques, such as 
employed in older micron dimension technologies. Further 
more, such oxidation minimiZes mechanical stress and crys 
tal damage in resulting structures, When used to ?nish 
undercutting roWs, as compared to undercutting individual 
silicon islands. 

[0011] This invention enables formation of sub-micron 
devices, such as CMOS transistors, having a high chip 
density, Without increasing the dimensions of the IC. This 
method yields isolated active regions, having a high degree 
of regularity and yield, formed in an inexpensive manner. 
This method is compatible With CMOS IC manufacturing 
technology due to its simplicity and minimal number of 
process steps. Regular array structures, such as dynamic 
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random access memories (DRAMs) particularly bene?t 
from this invention, separated on the silicon roWs using 
LOCOS technology. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIGS. 1A to 1D are cross-sectional representations 
of a method for forming isolated silicon roWs. 

[0013] FIG. 1E is a plan vieW of isolated silicon islands 
formed on the isolated silicon roWs shoWn in FIG. 1D. 

[0014] FIG. 1F is a cross-sectional representation of 
NMOS and PMOS transistors formed on the isolated silicon 
islands shoWn in FIG. 1E. 

[0015] FIG. 1G is a plan vieW of the NMOS and PMOS 
transistors shoWn in FIG. 1F. 

DESCRIPTION OF THE EMBODIMENTS 

[0016] In the following detailed description, reference is 
made to the accompanying draWings Which form a part 
hereof, and in Which is shoWn by Way of illustration speci?c 
embodiments in Which the invention may be practiced. 
These embodiments are described in suf?cient detail to 
enable those skilled in the art to practice the invention, and 
it is to be understood that other embodiments may be utiliZed 
and that structural, logical and electrical changes may be 
made Without departing from the spirit and scope of the 
present invention. The folloWing detailed description is, 
therefore, not to be taken in a limiting sense, and the scope 
of the present invention is de?ned by the appended claims. 
Numbering in the Figures is usually done With the hundreds 
and thousands digits corresponding to the ?gure number, 
With the exception that the same components may appear in 
multiple ?gures. 
[0017] As shoWn in FIG. 1A, a silicon substrate 101 is 
directionally-etched to form trenches 102, leaving roWs 104 
of silicon protruding from the substrate 101. The silicon 
roWs 104 have Widths of one micron or less. The trench 102 
depth and Width are approximately equal to the Width of the 
silicon roWs 104. The direction of the etch varies With the 
crystal orientation of the substrate 101. In one embodiment, 
the etch direction is orthogonal to the plane of the substrate 
101. For complementary metal-oxide-semiconductor 
(CMOS) devices, substrates 101 having a {100} crystallo 
graphic orientation are commonly used due to the ability to 
achieve small surface state densities on such substrates. 
Therefore, the direction of the etch is preferably in the 
<100> direction. To form the trenches, the substrate 101 is 
oxidiZed at a temperature of approximately 900 to 1,100 
degrees Celsius, covered With silicon nitride (Si3N4), 
masked and etched to form exposed oxide regions using 
standard techniques. Then, the exposed oxide regions are 
etched aWay With a directional etchant, preferably a reactive 
ion etch (RIE), forming trenches 102 in the substrate 101. 

[0018] Next, as shoWn in FIG. 1B, 21 Si3N4 cap 106 is 
formed on the silicon roWs 104. The Si3N4 106 is deposited 
over the structure, using techniques Well knoWn in the art, 
such as chemical vapor deposition (CVD). Si3N4 106 forms 
on the tops of the silicon roWs 104 and partly doWn the sides 
of the trenches 102. Material overhang at the top of the 
trench 102 prevents Si3N4 106 from covering the loWer sides 
of the trenches 102. HoWever, some Si3N4 106 is deposited 
onto the bottom of the trenches 102. 
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[0019] Aphotoresist mask is used to cover the silicon roWs 
104 and an etch is then used to remove residual Si3N4 106 
on the bottom of the trenches 102 and then an isotropic 
chemical etch is used to partially undercut the roWs 104 of 
silicon, as shoWn in FIG. 1C. A standard chemical etch 
using hydro?uoric acid or a commercial etchant sold 
under the trade name CP4 (a mixture of approximately 1 part 
(46% HF): 1 part (CH2COOH):3 parts (HNO2)) is used for 
the isotropic etchant. It is important to use an isotropic etch 
for this step to compensate for the volume of oxide to be 
formed in the next step. In general, the volume of oxide 
formed is approximately tWice that of the silicon 101 
consumed. Partially undercutting the silicon roWs 104, 
reduces the effective Width of the roWs 104 to a distance 110 
small enough that a relatively short, simple oxidation can 
fully undercut the silicon roWs 104. Fully undercutting the 
roWs 104 of silicon is possible because the Width 108 of the 
roWs 104 is one micron or less. 

[0020] The substrate 101 is then oxidiZed using a standard 
silicon processing furnace at a temperature of approximately 
900 to 1,100 degrees Celsius, as shoWn in FIG.1D. A Wet, 
oxidiZing ambient is used in the furnace chamber to oxidiZe 
the exposed silicon regions on the loWer part of the trenches 
102 in a parallel direction to the surface of the substrate 101. 
The substrate 101 is oxidiZed for a time period, such that 
oxide 112 fully undercuts the bottom of the silicon roWs 104, 
leaving isolated silicon roWs 104. By using narroW, sub 
micron roWs 104 of silicon and appropriately designed 
process conditions, generally planar structures are formed. 
The larger volume of oxide ?lls the trenches 102 betWeen 
the roWs 104. This avoids the need for complex and expen 
sive planariZation techniques, such as employed in older 
micron dimension technologies. The time period for oxida 
tion depends on the Width 108 of the roWs 104 and the 
effective Width 110 after the partial undercut step. As the 
desired siZe of the silicon roWs 104 decreases, so does the 
required oxidation time. For example, for sub-micron tech 
nology, oxidation time is approximately 3 to 4 hours. For 
sub-0.25 micron technology, oxidation time is approxi 
mately 1 hour. 

[0021] Active areas 114 are then de?ned on the individual 
silicon roWs 104, using a standard process, such as LOCal 
Oxidation of Silicon (LOCOS), as shoWn in FIG. 1E, to 
form oxide 116 betWeen the active areas 114. Depending on 
the Width of the silicon roWs 104, the area of these active 
areas 114 is approximately one square micron or less for 
sub-micron technology and approximately 0.0625 square 
microns or less for sub-0.25 micron technology. The result 
ing isolated active areas 114 are not subjected to as much 
mechanical stress and crystal damage as are active areas 
formed by prior art techniques of oxidiZing to undercut each 
individual active area, Which are excessively stressed and 
damaged at each corner of the active area. 

[0022] Devices are then formed on the resulting silicon 
islands 114, as shoWn in FIGS. 1F and 1G, according to 
methods Well knoWn in the art. For example, When forming 
CMOS transistors, a gate oxide layer 118, source/drain 
regions 120, 122, and a gate 124 are formed for each 
transistor on an individual silicon island 114. For PMOS 
transistors, source/drain regions 120 are doped to form (p+) 
regions. For NMOS transistors, source/drain regions 122 are 
doped to form (n+) regions. Further standard process tech 
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niques are then used to connect the devices to form circuits, 
such as dynamic random access memory (DRAM) devices. 

[0023] The process described above is a loW cost, simple 
method for forming sub-micron SOI devices. The method is 
compatible With existing large volume manufacturing con 
ditions. Resulting devices are able to formed on semicon 
ductor chips in a highly dense, arrayed manner. Thus, the 
invention enables formation of very high density and very 
high performance CMOS integrated circuits, DRAMs, as 
Well as other integrated circuits. 

[0024] It should be noted that in CMOS technology, many 
times certain areas of the semiconductor die described as 
having a particular doping, could quite easily be of a 
different doping, promoting a different type of charge carrier. 
In such instances, if one Were to reverse the primary carriers 
in all areas of the die and adjust for carrier mobility, the 
invention Would operate in the same manner as described 
herein Without departing from the scope and spirit of the 
present invention. 

[0025] It is to be understood that the above description is 
intended to be illustrative, and not restrictive. Many other 
embodiments Will be apparent to those of skill in the art 
upon revieWing the above description. The scope of the 
invention should, therefore, be determined With reference to 
the appended claims, along With the full scope of equivalents 
to Which such claims are entitled. 

What is claimed is: 
1. A method for manufacturing a silicon on insulator 

substrate, comprising the steps of: 

directionally etching a silicon substrate, to form a plural 
ity of trenches betWeen protruding silicon roWs; 

forming a silicon nitride cap on the silicon roWs, extend 
ing partWay doWn the sides of the trenches; 

isotropically etching the trenches, to partially undercut the 
silicon roWs; and 

oxidiZing the substrate, to fully undercut the silicon roWs. 
2. The method of claim 1, Wherein the silicon substrate 

has a {100} crystallographic orientation and the directional 
etch is in the <100> direction. 

3. The method of claim 1, Wherein the directional etchant 
comprises a reactive ion etch. 

4. The method of claim 1, Wherein the isotropic etchant 
comprises hydro?uoric acid. 

5. The method of claim 1, Wherein the silicon roWs have 
a Width dimension of one micron or less. 

6. The method of claim 1, Wherein the silicon roWs have 
a Width dimension of 0.25 microns or less. 
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7. The method of claim 1, Wherein the directional etch is 
approximately as deep as the Width of the silicon roWs and 
approximately as Wide as the Width of the silicon roWs. 

8. The method of claim 1, Wherein the oxidiZing step 
comprises oxidiZing the substrate in a Wet oxidiZing ambient 
at a temperature of approximately 900 to 1,100 degrees 
Celsius. 

9. The method of claim 1, and further comprising the step 
of: 

de?ning a plurality of active areas on the silicon roWs by 
local oxidation of silicon. 

10. The method of claim 9, and further comprising the 
step of: 

forming a transistor on each of a plurality of the active 
areas. 

11. A silicon on insulator structure, comprising: 

a plurality of silicon roWs, having a Width dimension of 
one micron or less, embedded in an oxidiZed substrate; 
and 

a plurality of oxide roWs betWeen the silicon roWs. 
12. The structure of claim 11, Wherein the oxide roWs 

have a Width dimension of one micron or less. 

13. The structure of claim 11, Wherein the silicon roWs 
have a Width dimension of 0.25 microns or less. 

14. The structure of claim 11, Wherein the oxide roWs 
have a Width dimension of 0.25 microns or less. 

15. A plurality of active areas on a semiconductor sub 
strate, comprising: 

a plurality of isolated silicon active areas, having an area 
of one square micron or less, embedded in an oxidiZed 

substrate; and 

a plurality of oxide roWs betWeen the silicon active areas 
in one direction. 

16. The structure of claim 15, and further comprising: 

a plurality of transistors formed on each of a plurality of 
the silicon active areas. 

17. The structure of claim 15, Wherein the oxide roWs 
have a Width dimension of one micron or less. 

18. The structure of claim 15, Wherein the oxide roWs 
have a Width dimension of 0.25 microns or less. 

19. The structure of claim 15, Wherein the area of the 
silicon active areas is 0.0625 square microns or less. 

20. The structure of claim 15, Wherein the active areas are 
isolated using local oxidation of silicon. 


