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formation of multiple-depth STI (shallow trench isolation) trenches in an
integrated circuit device. BACKGROUND GF THE | NVENTI ON Menory devices are
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chips. In general, menory devices contain an array of menory cells for
storing data, and row and colum decoder circuits coupled to the array of
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vol atile, which nmeans that it requires a steady flow of electricity to
maintain its contents. As soon as the power is turned off, whatever data
was in DRAMis |ost. However, 20 it remains popular as it provides high

menory density and qui ck i . f menory is a
non-vol atil e nenory knom%ﬁﬁggﬁégﬁgﬁmﬁggﬁoﬁemry is a type of
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erased and reprogrammed in bl ocks. Many nodem personal conputers (P have
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standardi zed and to provide the ability to renotely upgrade the device for

enhancedn¢perygeds in BSpanse éadn ¢itersal addrse.y conprises a menory array that
i ncludes a | arge nunber of 30 nmenory cells arranged in row and col um
fashi on. Each ofThelearersveray diffdréms types lofidesoay. Ohneofigfieng DfakM (yminde ef f ect
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A DRAM memory cell is commonly configured as an access transistor coupled to a
capacitor. A charge stored on the capacitor defines a data value of the memory cell. DRAM
is generally volatile, which means that it requires a steady flow of electricity to maintain its
contents. As soon as the power is turned off, whatever data was in DRAM is lost. However,

20  itremains popular as it provides high memory density and quick access times.

Another type of memory is a non-volatile memory known as Flash memory, A
flash memory is a type of EEPROM (electrically-erasable programmable read-only memory)
that can be erased and reprogrammed in blocks. Many modern personal computers (PCs)
have their BIOS stored on a flash memory chip so that it can easily be updated if necessary.

25  Such a BIOS is sometimes called a flash BIOS. Flash memory is also popular in wireless
electronic devices because it enables the manufacturer to support new communication
protocols as they become standardized and to provide the ability to remotely upgrade the

device for enhanced features.

A typical flash memory comprises a memory array that includes a large number of
30 memory cells arranged in row and column fashion. Each of the memory cells includes a
floating-gate field-effect transistor capable of holding a charge. The cells are usually grouped

into blocks. Each of the cells within a block can be electrically programmed in a random



into bl ocks. Each of the cells within a block can be electrically programed
I n a random WO 2006/ 028731 PCT/ US2005/ 030377 2 basis by charging the
floating Gy Resddichar ge can be removed from the floatipegngadesobyra bl ock
erase operation. The data in a cell is determ ned by the presence or absence
of the charge in the floating gate. Flash nmenory typically utilizes one of
two basic architectures known as NOR 5 flash and NAND fl ash. The designation
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reduce the size Rdshtnmatetymeally Bitedes one ofawiodmsicfanchifertuatsekroivgfag NOR
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often reduced to lower the aspect ratio of the trench, thereby making it
easier to fill. Mpnesyaleviceifabricatars)|aamelras vthennsagratedioinguit dendee fahricdters,

peri.phery often requires  that certaiLn trench depth be majntai ned, 20 For
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w || be understood by read| nlg .and__studying the foll ow ng specification.
Shallow trench 1sofation {STI) has been commonly used in semiconductor
15  fabrication to provide field isolation. As devices are scaled ever smaller, and trenches
become narrower, dielectric filling of the trenches becomes increasingly difficult. Asa
result, trench depth is often reduced to lower the aspect ratio of the trench, thereby making it
easier to fill. However, field isolation between active areas in the periphery often requires

that a certain trench depth be maintained.

20 For the reasons stated above, and for other reasons stated below which will
become apparent to those skilled in the art upon reading and understanding the present
specification, there is a need in the art for alternate methods of providing isolation within a

semiconductor device.

25 SUMMARY OF THE INVENTION

The above-mentioned problems with integrated circuit field isolation and other
problems are addressed by the present invention and will be understood by reading and

studying the following specification.

Various embodiments of the invention facilitate multiple trench depths within an

30 integrated circuit device. By forming trenches to a first depth, but of varying widths, a



Various enbodi nents of the invention facilitate nultiple trench depths
within an 30 integrated circuit device. By formng trenches to a first
dept h, butwoOf200682§13hg wi dt hs, a WD 2006/ 028731 PCT/ US200B¢'YB88)85/030377
deposition of dielectric material can cause sonme of the trenches to fill or
close off while |eaving other, wi der trenches open. Renoval of a portion of
the dielectric material can then be tailored to expose a bottom of the open
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arranged in rows and columns, a plurality of first trenches interposed between rows or

columns of the memory cells and at least one second trench formed at a periphery of the array

20 of memory cells. The first and second trenches are formed by a method including forming a
plurality of trenches in the substrate to a first depth, the first trenches having a width less than
some nominal value and the second trenches having a width greater than the nominal value.
The method further includes forming a dielectric layer overlying the substrate to fill the first
trenches and to leave open the second trenches, removing a portion of the dielectric layer to

25 expose portions of the underlying substrate at bottoms of the open trenches while leaving
remaining trenches filled, removing exposed portions of the underlying substrate to extend
the second trenches to a second depth, and forming a second dielectric layer overlying the

substrate to fill the second trenches.

The invention further provides methods and apparatus of varying scope.

30



the second trenches to a second depth, and formng a second dielectric |ayer
overlying the substrate to fill the second trenches. The invention further

provi des @R} feélesad apparatus of varying scope. 30 WO pGOeH2003m50%Y7
PCT/ US2005/ 030377 4 BRI EF DESCRI PTION OF THE DRAWNGS Figures IA-1G are

cross-sectional views of a portion of #h integrated circuit during various
stages of fabrication in accordance with an enbodi nent of the invention.

Figure 1His a cross-seﬁﬂlﬁp%Esﬁ@T%N PYHE PR A Si ntegrated circuit

illustrating 5 use of multiple-depth isolation trenches in accordance with
an enbodi nent of. the inyention. _Fi.gurne.2A is a block schematic of. a portion
of a menory ar rggguﬁ‘??dl‘bﬁgﬁ aﬁﬁ&oﬁﬁ'sec llg?%slﬂiwsﬁ/of%poéﬁe%Pg%‘h@ée#?%?%&ﬁcﬁmenbo_di ment
of the iguyapWhAGus Jraghd bE AR Chtfordin S6SR AR ice Gvit arfeBSdilmefi sTith@inkemtiono! atil e
menory array in accordance with a further enbodi nent of the invention. 10

Figure 3 is a fupold plRad Qo?&%ecg' AHLAS of aﬁoﬁi%ﬁio‘%ﬁ%ﬁ@%ﬁteﬂ%ﬁkﬁ?ﬂiu@ﬁaﬁng

accordance with~ an enbodi men the 1 nvehtion coupled to a processor.
DETA$ L ERsPieSaltipie-abhtbisolition tieWEREE ik dond dnee with dnosshbnglirdedtaf kledndagiont pt i on
of the preferred enbodi ments, reference is 15 nade to the acconpanyi ng

drawi ngs that fe[n@2Ra¢h bRk SeHemaBiB@f b BoMUNCIT d MeBbBMIraPanR¥ripteral
illustration specific enbodinents in which the inventionsS maybe practiced.
These emisoidiyiieateprdarsedatican dehbdimentuif thecineentialet ai | t o enabl e t hose
skilled in the art to practice the invention, and it is to be understood
that ot her enbo#ligwenlB ismychematit bf a padioand atuoatvoptide semorpirrayEahani cal
changes may be made wi t hout departing fromthe scope of the present 20

i nvent i G¥eordprcervating fuilires embpdimenhkthe pwvende previously and in the

foll owi ng description include any base sem conductor structure. Both are to
be Wdderstood a¥igumeB ica figctonal blook dingrasmppi brsic (BERYY dexdbmilasgnrdance

silicon-on-insul at.or .technol ogy,,.thin filmtransistor (TFT)
t echnol 0‘6{5]1} %%ﬁ#’ﬁﬁ&@%@ﬂ%’&“‘é K gﬁgdgta@rrgc,%%i taxial layers of silicon
supported by a base sem conductor, as well as other sem conductor

structures well known to one skilled in 25 the art. Furthernore, when

reference is made to a wafer or substrate in the follow ng
DETAILED DESCRIPTION OF THE INVENTION

In the following detailed description of the preferred embodiments, reference is

15 made to the accompanying drawings that form a part hereof, and in which is shown by way of
illustration specific embodiments in which the inventions may be practiced. These
embodiments are described in sufficient 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 process
or mechanical changes may be made without departing from the scope of the present

20  invention. The terms wafer and substrate used previously and in the following description
include any base semiconductor structure. Both are to be understood as including silicon-on-
sapphire (SOS) technology, silicon-on-insulator (SOI) technology, thin film transistor (TFT)
technology, doped and undoped semiconductors, epitaxial layers of silicon supported by a
base semiconductor, as well as other semiconductor structures well known to one skilled in

25  the art, Furthermore, when reference is made to a wafer or substrate in the following
description, previous process steps may have been utilized to form regions/junctions in the
base semiconductor structure. The following detailed description is, therefore, not to be
taken in a limiting sense, and the scope of the present invention is defined only by the

appended claims and their equivalents.



description, previous process steps nmay have been utilized to form
“regions/junctions in the base sem conductor structure. The follow ng

det ai | ed weswod/Esixn is, therefore, not to be taken i nPATIUSRGISIB§7Eense,
and the scope of the present invention_.s defined only by the appended
clainms and their equivalents. WO 2006/ 528731 PCT/ US2005/ 030377 5 Fi gures
| A-1G general ly depict a nethod of formng a portion of an integrated
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Fi gure s leBbéd deseriticdHeedn deecdutabls Yhisd vatety dintdppitediGituiitielRBS.1 Fiahieng a
sem conduct or device. For one enbodi nent, substrate 105 is a P-type

nondcr ydAadepigiea pertion ebihesugsenyaray afieseyerahprosessig stensdiane o¢cayrefs In such as

first sacrifigial er. 110 and second crihki-ci al . er 115 are forned
over |y Rt Pt fpEc o8P haBiaPE R RRDT FE LR BRI 1 ot ect

por t i ongedcohtorieeicky Fofodratddatient] ifbsHatei108 if HPTRId BOndrysidiaAe hes. For
one enbodinent, the first sacrificial layer 110 is silicon oxide (Si Q2) and

t he seceiligon sabsirfiecQule orjmagre pactif®ial dayers, sedbresdirstrsperéfiqigilares ) 10 pod sesand an
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Furt her "gui dance 15 on selection of materials for the sacrificial |ayers

wi | | beembodimpsy the fitst sastificiahtayet bl0 is shhisen owide (Prhy ewbihngecond sagifididyer 120

is f d | yi.ng tk i ficial, | 15. .The. | 120
bt i veoaenl B il iGer G0, FEinchut gt e i SeEin T faver 6 Ceoond
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photoresi st layer. NMasking in 20 sem conductor fabrication is we

under st daygr AhTimught be fioxmedyddardiel deposidioaiof a silivofFngtdelays,. Hurthet giidaicet i on
trenches 125 and .second i.sQl atian trenches.,130 ar. f i n the substrate
1085 Fopnafie- Barietts [ R taBRenl B bE it whh Bifeehsli g a bl asma
et ch. Houm¥glient BFeditigSOt ropi ¢ etch may be utilized to renpve exposed
portions of ° the sacrificial |layers 110 and 115 and portions of the

underlying subsiralg 1&)%?'120 is formed overlying the second sacrificial layer 115. The mask
layer 120 defines areas for formation of trenches, i.e., the exposed areas of second sacrificial
layer 115. As one example, the mask layer 120 is a patterned photoresist layer. Masking in

20 semiconductor fabrication is well understood and will not be detailed herein.

In Figure 1B, first isolation trenches 125 and second isolation trenches 130 are
formed in the substrate 105. For one embodiment, the trenches 125 and 130 are formed using
a plasma etch. However, any anisotropic etch may be utilized to remove exposed portions of

the sacrificial layers 110 and 115 and portions of the underlying substrate 105.

25 The trenches 125 and 130 are formed to substantially the same depth as they are
formed concurrently. However, the first isolation trenches 125 are narrower than the second
isolation trenches 130. In application, the first isolation trenches 125 might be used where
narrow spacing is preferred and where field isolation is less demanding. As one example,
this may include an array portion of a semiconductor memory device. Also, in application,

30  the second isolation trenches 130 might be used where field isolation is more demanding and
where spacing is less critical. As one example, this may include a periphery portion of the

semiconductor memory device.



25 The trenches 125 and 130 are fornmed to substantially the sane depth as
they are formed concurrently. However, the first isolation trenches 125 are

narrower whagoddigszgecond isolation trenches 130. In apptiragbecssosthe fi rst
i solation trenches 125 m ght be used where narrow spacing is preferred and
where field isolation is | ess demandi n® As one exanple, this may include
an array portion of a sem conductor nenory device. Al so, in application, 30
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2006/ 028731 PCT/ US2005/ 030377 6.1n Figure IC, a first dielectric fill |ayer
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dielectric fill Ia%]gr 5 135 shoul d be chosen such that a subsequent renoval
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sacrificial layer 115 such that portions of the first ielectric fill layer
135 can didlestdpbilidayexilBh an betegnvel sdthoptsigrifieantiyrifectieg feseenndsaerifigipki al

10 L(f'iyerl 11§ The first dielectric fill layer 135 should be deposited to a
degree t AT g?‘oses off the narrower first isolation trenches 125 while
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be of a.w e I | : | ' [ tglC
TR i R Gt e S
t o be uns hotedithan the fitkhisolbtidn Semghey/ 12 dstotthaveto e miftirm ih lvatithwbitl simplyai n open

after formation of the first djelectric fill | ayer 135. . such, the first
i sol at i dRUSPER ﬂ@@dtilélsafawﬁ%@ﬁ@i;g upgR) frgationefithe firgbelestsin FlJRET 3% nal
val i -4 ' I : ' wi-dt h above
! hat nont maplin 6088 cobofuAihk 1304055: el 1818 ubiOST i AR | 20D
| ayer 13hushbe of e midthdhitovibxemnsia open after formation of the first dielectric fill layer 135.
As such, the first isolation trenches 125 are those having a width less than some nominal
value while the second isolation trenches 130 are those having a width above that nominal

value.

20 In Figure 1D, portions of the first dielectric fill layer 135 are removed to expose
portions of the substrate 105 in the bottoms of the second isolation trenches 130. By using an
etch-back process or an anisotropic removal process, horizontal portions of the first dielectric
fill layer 135 may be preferentially removed, thus leaving sidewalls of the isolation trenches
130 covered. This will allow the exposure of portions of the substrate 105 without

25 substantially removing dielectric material from the first isolation trenches 125.

In Figure 1E, second isolation trenches 130 are deepened. This result can be
obtained by using a removal process selective to the material of the substrate 105 over the
materials of the second sacrificial layer 115 and the first dielectric fill layer 135. For
example, an anisotropic silicon etch can be used to remove exposed portions of a silicon

30  substrate 105 without substantially affecting the exposed portions of the first dielectric fill

layer 135 or the second sacrificial layer 115. Following the deepening of the second isolation



portions of the substrate 105 in the bottons of the second isol ation
.trenches 130. By using an etch-back process or an anisotropic renoval
process, NP 200628 portions of the first dielectric fiPCT/USRH0303E may be
preferentially removed, thus |eaving siglewal I's of the isolation trenches
130 covered. This will allow the exposure of portions of the substrate 105
w t hout 25 substantially renoving dielectric material fromthe first
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f rom t heprdgdlgtgd dlonimtainy Of hletnoby celB&yDsetond Sohitioanrehtieganes 130. Al t hough
the foregoing exanple provided just two depths for the isolation

Although the foregoing example provided just two depths for the isolation
trenches, it is noted that more than two depths can be formed using methods in accordance
with the invention. For example, first isolation trenches could be formed having a first width

20  that will close up upon formation of the first dielectric fill layer, second isolation trenches
could be formed having a second width that will close up upon formation of the second
dielectric fill layer, and third isolation trenches could be formed having a third width that will
remain open after formation of the second dielectric fill layer. By performing processing
similar to that described with reference to Figures 1E-1F, it will become apparent that a third

25  isolation trench depth could be formed for the third isolation trenches. Through the use of
varying trench widths, any number of trench depths could be produced. However, deeper

trenches will correspondingly be wider when formed in this manner.

Figure 1H is a cross-sectional view of a portion of an integrated circuit illustrating
use of multiple-depth isolation trenches in accordance with an embodiment of the invention.
30 Asshownin Figure [H, the integrated circuit is formed in a substrate 105. For the following
example, it will be assumed that the substrate 105 is a P-type substrate. However, the

invention is not limited to a specific conductivity type. In this example, component devices



trenches, it is noted that nore than two depths can be fornmed using nethods
I n accordance wth the invention. For exanple, first isolation trenches

coul d be _rzg(rﬁq)z%yi ng a first width 20 that will cl osepgprgpsoigsation of
c

the first ectric fill layer, second isolation trenches could be forned
having a second width that will close @p upon formation of the second
dielectric fill layer, and third isolation trenches could be forned having a
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I sol ation trench depth could be fornmed for the third isolation trenches.
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i n accordance with an enbodinent of the invention.. 30 As shown in Figure
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first type, such as p-type field effect transistors (pFETs) 209a and 209b
are f or fmeh the balk ofrhhe/\BthypeZﬂl‘bstrath asmEE‘ﬂ@elzDTQaegmd 220ahd hawer wografdhialr ai n

relons 213 hayi cond V|ty 1S 2 d209 .are isolated
onsccngimiason b B Gty e b abe B i Htay RbR Y2024 e

th' S exaft &n-GOTD PN oY inkste ohaiélseama 1§56 e gloﬁwﬂ@'CAsubgcﬁb&d/%h such as

n-type field effect transistors (nFETs) 211 a and 211 b are formed in an

i sol at edefprened fo Fighdes TAel GhFEEd sec2ad isalatind régionsol 30eare deaper then dheedfinst r egi ons 215

havi ng n+ conduct|V|ty The nFETs 21 la and 21 Ib are isolated from one

anot her 150tignaeg} [ésd]JQZ;CEI’It NnFETs in p-well 219, by one or nore first

I sol atlon regions 125. The p-well 219 is isol ated fromthe bul k of the
P-type subst r atleispsitetkihat @é@‘ﬁ’lmnrré@%hlmdaﬁ@ aaebetormsd as epentrraches second
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second isolation regions 130 are deeper than the first isolation regions

125. 130 in Figure 1H could represent a closed polygon, completely enclosing the N+ region 22
while isolation regions 125 could represent straight lines between rows of FETs 209 and 211.
It will be apparent that multiple trench depths can be used in a variety of ways and that the

20  foregoing example illustrates just one possible configuration. Similarly, other well structures

could be used in conjunction with the isolation techniques described herein, such as triple
well structures well known in the art. By forming isolation trenches in accordance with
embodiments of the inventions, performance benefits, e.g., sensitivity, noise rejection, low

voltage capability, etc., can be facilitated without the disadvantages of typical large inter-well

25  design rule spacing.

Figure 2A is a block diagram of a portion of 2 memory array 200A and peripheral
circuitry 207 as a portion of a memory device in accordance with one embodiment of the
invention. The memory array 260A can represent a volatile or nonvolatile memory array and
is provided to show generally how multiple-depth isolation trenches may be used in a typical

30  integrated circuit device. The memory array 200A includes memory cells 201 arranged
generally in row and column fashion. As discussed, field isolation needs may vary within an

integrated circuit device. For the example memory array 200A, shallow trenches 203 may be
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It is noted that the isolation regions 125 and 130 may be fornmed as open
trenches 15 (trenches having two or nore ends), closed trenches (trenches

- form ng awe AeEshstAOP of regular or irregular shape) orpcamRRI@BEBINati on of
the two. For exanple, isolation regions 130 in Figure 1 H could represent a

cl osed polygon, conpletely enclosing tHe N+ region 221 while isolation
regions 125 coul d represent straight |lines between rows of FETs 209 and 211.
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t renched’ DHFCYYSe used to isolate the array of menory cells 201 from
access and control circuitry 207. Figure 2B is a schematic of a portion of a
nonvol ati | e menbhglaxpwtaf Fenus2Bsoresposds logrnesikamphaetioy YOBHask ardhifeefuror dance
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Accordingly, the invention is not limited to the specific layout described with reference to

Figure 2B.

As shown in Figure 2B, the memory block 200B includes word lines 202 and
20  intersecting local bit lines 204. For ease of addressing in the digital environment, the number
of word lines 202 and the number of bit lines 204 are each some power of two, e.g., 256 word
lines 202 by 4,096 bit lines 204. The local bit lines 204 may be selectively coupled to global

bit lines (not shown) for coupling to sense amplifiers (not shown in Figure 2B).

Floating-gate transistors 206 are located at each intersection of a word line 202
25  and alocal bit line 204. The floating-gate transistors 206 represent the non-volatile memory
cells for storage of data. Typical construction of such floating-gate transistors 206 include a
source 208 and a drain 210 constructed from an n*-type material of high impurity
concentration formed in a P-type semiconductor substrate of low impurity concentration, a
channel region formed between the source and drain, a floating gate 212, and a control gate
30  214. Floating gate 212 is isolated from the channel region by a tunneling dielectric and from
the control gate 214 by an intergate dielectric. Floating-gate transistors 206 having their

control gates 214 coupled to a word line 202 typically share a common source 208 depicted



10 circuitry. A nenory array represents just one application for use of the
mul tiple-depth isolation trenches. The | ayout of Figure 2B corresponds to
one exanple of a NOR flash architecture. However, other types of nenory
arrays can benefit from enbodi nents of the invention. As one exanple, word
| i nes, drain contacts and source interconnects can be fabricated in 15
accordance with the invention for NAND flash architectures as well, although
only one drain contact is required per string and only one source
interconnect is required per block. Accqgdingly, the invention is not
limted to the specific |ayout described with reference to Figure 2B. As
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share the sane array source interconnect 216. Floating-gate transistors 206
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floating-gate transi stors 206 are those transistors comonly coupled to a
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or non-volatile memory types. Memory device 300 includes a memory array 302 having a
plurality of memory cells arranged in row and column fashion. The memory device 300
includes first isolation trenches, such as shallow isolation trenches, within the memory array
302 and second isolation trenches, such as deeper isolation trenches, at a periphery of the

20 memory array 302 and formed in accordance with an embodiment of the invention.

Memory array 302 can be accessed using externally provided location addresses
received by an address register 312 via address signal connections 330. The address signals
are decoded, and one or more target memory cells are selected in response to the decoded

address signals, using the access circuitry 314 that includes decode and select circuitry.

25 Data is input and output through an /O circuit 322 via data connections 332. /O
circuit 322 includes data output registers, output drivers, and output buffers. Command
execution logic 324 is provided to control the basic operations of the memory device 300 in
response to control signals received via control signal connections 328. A state machine 326
may also be provided to control specific operations performed on the memory array 302 and

30 the memory cells. The command execution logic 324 and/or state machine 326 can be
generally referred to as control circuitry 327 to control read, write, erase, and other memory

operations. The data connections 332 are typically used for bi-directional data
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The array source interconnects 216 may be coupled to a netal or other highly
conductive line to provide a shared path to a ground potential node. The
array ground 218 serves as this shared path. For one enbodi nent, a
connecti on between an array source 10 interconnect 216 and the array ground
218 occurs only once for each row of nenory cells 206. Typical nenory

devi ces may nake require a contact between an array source interconnect and
an array ground every 16 colums. Figure 3 is a block diagramof a nenory
devi ce 300 coupled to a controller or processor 150 in accordance with an
enbodi nent of the invention. The nmenory the of the 15 nmenory device 300 is
not dependent upon the j.nvention and can.incl ude variety of volatile or
non-vol ati | &° Gt .m%%FVa]ﬁeeW@@df:‘b@‘?x a@geSéOWéH%?SPPSWIaW%oz
having a plgaralfiah Ye@fonitesey. 08l dxamplelofl gR7Zedsbr 150MhdNEs & fledibry EASBI&Nn The
menory device 300  includes first isolation trenches, such as shall ow

i sol ati on t racifEYREY COPPYT-n the menmory array 302 and second isol ation

trenches, such as deeper isolation trenches, at a periphery of the 20 nenory
array 302 and for meld "ilhbanpsmciinddy theseskiled wrhoet thetnddgionglisercpifiyerd i on.
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circuit 322 includes data output registers, output drivers, and output
buffers. Command execution logic 324 is provided to control the basic
operations of the menory device 300 in response to control signals received
via contg@l signal connections 328. AgN@tesyoehi ne 326 may al so be
provided to control specific operations perfornmed on the nenory array 302

and 30 the menory cRlkihsd addpeQRITRRE IREEELHENA th ORi1Ratd ZAmANY SmBlift e
machi ne 326 can be generally referred to as control circuitry 327 to

control readrengk flenths vaphinan infpgeptesk isuit desigsrty firgferming Benchestina subprgte to a
connecti ons Ao et i . =l I;
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I ncl udes 18 " QieteeGi %alie?%a &n dm% betailbred 't ré%;l)os(e:grlggt"fcgrg Of the open trenches while
leaving remaining trenches filled. Removal of exposed portions of the underlying substrate
can then be used to selectively deepen the open trenches, which can subsequently be filled.
Such methods can be used to form trenches of varying depths without the need for

subsequent masking.

20 Although specific embodiments have been illustrated and described herein, it will
be appreciated by those of ordinary skill in the art that any arrangement that is calculated to
achieve the same purpose may be substituted for the specific embodiments shown, Many
adaptations of the invention will be apparent to those of ordinary skill in the art.
Accordingly, this application is intended to cover any adaptations or variations of the

25 invention. It 1s manifestly intended that this invention be limited only by the following

claims and equivalents thereof.
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It will be appreciated by those skilled in the art that additional circuitry
and 5 control signals can be provided, and that the nenory device of Figure
3 has been sinplified to help focus on the invention. It will further be
understood that the above description of a nenory device is intended to
provi de a general understanding of the nenory and is not a conplete
description of all the elenents and fdatures of a typical nenory device. 10
CONCLUSI ON Met hod and appar atus have been described to facilitate formation
of multiple trench depths within an integrated circuit device by first

form ng t&ggﬁgﬁg in a substrate to a first depth, but of varying w dths.
Formati on ielectric |ayer can cause sone of the trenches to fill or

cl ose off while | eaving other, w der trenches open. Renoval of a portion of
15 the dielectric material can then be tailored to expose a bottom of the
open trenthes {Mindgtlod ofdakricating @ pertian Afjan intagrtiedscifcpitdgvice, ReRBUBINE of exposed
portions of th WA . i.yely deepen
t he open trencﬁ%@?g&k%éﬁﬁggﬁmgﬁ%gg%gngﬁ@mﬁggFVfﬁgg$ﬁﬂghgﬁﬁﬁ£%ﬁ%3g can be
used to ftrsedondmehers bs vaidfh paaeethumsnywiithofitst trrehaesd Wioteis ubleaguent

maski ng. 20 Al t hough specific odi nents haye been illustrated and
descr i bed“MeicE? f“%?h%F SaChgeggg?éﬁ?ﬂFﬂﬂgﬁﬁﬂ?ﬂ6?ﬁ?Bﬁnﬁpabnary skill in the
art that any afaRgen®eflditibakic 1ayeL@! MMhaHRY bhe@GthEM i iAhe 3BndPUr POSE May

be substituted for 'the specific enbodi mrents shown. Many adaptations of the
i nvent i ontreichks;be apparent to those of ordinary skill in the art.

Accordingly, this applicati is inptended tqQ cover any adaptations or
vartati ons of  veBPorfiiof s BRI iAo S pRTEAGRER: REOM o

i nvent i onyfRrlyin@ito@8me 61 the Bycohl Erehdtes OMWhOHG cxpostrigPoriditd ofeHei svbdteRd s t her eof .
12 CLAIMS 1. A nethod of fabricating a portion of an integrated circuit
devi ce, cBW%ﬂN@%#@ﬁmﬂﬁSFWFﬁE“ﬁﬁﬁgﬁﬁand second trenches in a substrate to a
first depth, i - I AT<ISA ﬂ%ﬂ& reater than
any of the fi?%?kﬁylﬁ%ﬁ%%dgham&ggg%?%ﬁggm%gggﬁ onggggg%n t?%%ﬁ% forms a

cl osed | osposdideptiundd ng at | east one first trench; formng a first

dielectric layer to fill ¢t first trenches without filling the second
trenches: y orming a second (ﬂfﬁeetrlc ayer to%?l tge seconc} trenches. g

2. The method of claim 1, wherein the substrate is a monocrystalline silicon
substrate.
3. The method of claim 1, wherein the second dielectric layer comprises a different

dielectric material than the first dielectric layer.

4. The method of claim 1, wherein removing portions of the first dielectric layer

further comprises performing an etch-back process on the first dielectric layer.

5. The method of claim 1, further comprising: removing portions of the second

dielectric layer.

6. The method of claim 5, wherein removing portions of the second dielectric layer
further comprises performing a chemical-mechanical planarization on the second

dielectric layer.



removi ng portions of the first dielectric |ayer to expose portions of the
substrate underlying bottons of the second trenches w thout exposing
portions of the substrate underlying bottonms of the first trenches;
removi ng exposed portions of the substrate to extend the second trenches to
a second depth; and formng a second dielectric layer to fill the second
trenches. 2. The nethod of claim1, wHérein the substrate is a
nonocrystalline silicon substrate. 3. The method of claim1, wherein the
second dielectric |ayer conprises a different dielectric material than the
first diekectr &glaim1l, wherein renoving portions
of the fl?St dT%Tg§¥T48f¢g§b?quﬂﬁ%?ﬁgPRég%prises perform ng an et ch-back
process on t hereforsi pditeine of ﬁnediritmctdélayéﬂfmmﬁﬂhmdlsaff tled sscondl, furt her

conprising: renovin ortipons of ond ectri,c | ayer. 6. The net hod
o0 TRl o Gench A FBRiE e Sespd fBRePE b Bl B ST ¢ Tayer

further conprises performng a chem cal -nmechani cal planarization on the
second dielectric layer. 13 7. The nethod of claim1, further conprising:
removi ng Por t i dmeetlesid qffebricating trefichesewithin gn Ilra%ate‘ﬂ ﬁmﬁltsdequn@r@fngt he second

trenches pri O/I‘A\fogr:rxﬁ{nﬁo P ur}aﬁtfytqg?reﬁc Cgm a %ubgtraq ell ﬁrsk éf)% v&h%reu{l he Ipal.{ra ﬁecond

trenches. rrca enc e W circuit
devi ce, comtpernblsetsri@cludd‘s(ﬂrrmmgatﬁmpireuﬂ&ls hiyin®h “ﬁdtﬁmh&ﬁnlsnmansmbﬁt vahe to a
first depth, wherein the pluraljty of trenches includes first |solation

trenches fslserpd aswmnﬁrqné%%% hapng aé*ﬂﬁ*él grentsTikan thepepamalyplues apdyHherpigg)| atl on
trenches QavisngheA Wittt Eat&tn F]s"{gﬁnédhg eﬂﬁaae%heayt%ne%stmtwg%ﬁem

| east one second isolation trenc formed to enclose at |east oné f|rst
isolation tr enbhpmgcarfnstrrgeiactﬁc tager a:hedb/mgtthta wbiteapeto fdl/ thelfyitngpldtive substrate

to fill tp ﬁ%rst ol atlog % eg and tﬁ | eave open the second isolation
trenches; "I rﬂdo FapoPrgn Heﬁ?o? BoRppLenifey ectric | ayer to expose
portions of themoumderdoriditofIbdaist ditRctit 18t todpofporivhs2eaRNd i sol ation
trenches while | eaving the first
underlying substrate at bottoms of the second isolation trenches while leaving the first
isolation trenches filled and sidewalls of the second isolation trenches covered;
removing exposed portions of the underlying substrate to extend the second
1solation trenches to a second depth;
removing portions of the first dielectric layer covering the sidewalls of the second
isofation trenches; and

forming a second dielectric layer overlying the substrate to fill the second

isolation trenches.

9. The method of claim 8, wherein the first dielectric layer and the second dielectric

layer comprise the same dielectric material.

10.  The method of claim 8, wherein forming a plurality of trenches in a substrate to a
first depth further comprises:

forming at least one sacrificial layer overlying the substrate;

forming a mask layer overlying the at least one sacrificial layer, thereby defining

exposed portions of the at least one sacrificial layer; and



isolation trenches filled and sidewalls of the second isolation trenches
covered; renoving exposed portions of the underlying substrate to extend the
second isolation trenches to a second depth; renoving portions of the first
dielectric |ayer covering the sidewalls of the second isolation trenches;
and fonning a second dielectric |ayer overlying the substrate to fill the
second isolation trenches. 9. The netlHod of claim8, wherein the first
dielectric layer and the second dielectric |ayer conprise the sane
dielectric material. 10. The nmethod of claim8, wherein formng a plurality
of trenches inemo3tHashe Bldsddbdtiodsior e AERRLMDNE WidrtRlal GOEPaRderfifd M Ng at

| east one sacrificial |ayer overlying the substrate; formng a nmask | ayer
over | yi ngpettiensf theswbstrdne sacrificial |ayer, thereby defining exposed
portions of the at |east one sacrificial layer; and 14 renoving the exposed
portions of the at |east one sacrificial |layer and underlying portions of
the subst i at e. THelmethb& oELIAO 00, Fhrtledr abrdpriding:f Urt her conprising: renoving a
portion of the second dielectric |ayer to expose renmaining portions of the
at | east one sE8IOVINEE nortionagidhe sacanbdipleeiric fyer OrxPaseTgMpBING toRions P t he at

| east Ongﬂéﬁﬁhk&kﬁﬁﬁkﬁkﬂ%FE,&o expose active areas of the substrate; and
fabricating the integrated ¢F'fcuit device on the active areas of the
substrate. 12.rehveingahdimthadfing patiohSof thh@i@isnoneasavficlg layepar dxpose of t he
first dielectric |ayer to expose portions of the underlying substrate
further c6ﬁﬁ??§@§°€%8§@@8ﬂ?iﬁﬁly renmoving horizontal portions of the first
dielectric |aygbricad tﬂ_é‘i%tegﬁa&élpcqrcgft dEVidd 5 Be aV\RTBR of IR sRbdtafd 1 1Y Of
trenches further |ncFudes hird trenches having a width sufficient to
remai n open after formng the second dielectric |ayer.

12, The method of claim 8, wherein removing a portion of the first dielectric layer to
expose portions of the underlying substrate further comprises preferentially removing

horizontal portions of the first dielectric layer.

13.  The method of claim 8, wherein the plurality of trenches further includes third
trenches having a width sufficient to remain open after forming the second dielectric

layer.



