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SAME 5 Field of the Invention This invention relates to the field of
sem conduct or nmanufacture and, nore particularly, to a method for
formng features at a starting featurg density 10 with a |ithography
mask, and resulting in a final density which is n tinmes of the first
density, where n is an integer greater than 1, through the use of
various conformal |ayers and selective etches. Background of the
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During the formation of a semiconductor device, many features such as
word lines, digit lines, contacts, and other features are commonly formed
over a semiconductor wafer. A goal of semiconductor device engineers is
to form as many of these features in a given area as possible to increase
20 vyields, decrease manufacturing costs, and to miniaturize devices. The
formation of these structures on a semiconductor wafer typically requires
the use of lithography. Optical lithegraphy, the lithographic method most
used in leading-edge wafer processing, comprises projecting coherent light
of a given wavelength, typically 248 nanometers (nm) or 193 nm, from an
25 illumination source (illuminator) through a quartz photomask or reticle
having a chrome pattern representative of featu‘res to be formed, and
imaging that pattern onto a wafer coated with photoresist. The light
chemiczlly alters the photoresist and enables the exposed photoresist (if
positive resist is used) or the unexposed photoresist (if negative resist is
30 used) to be rinsed away using a developer.



2 Wth decreasing feature sizes, the |imts of optical |ithography
are continually being tested. Inprovenents in feature density are
made t hrough process advances, enhanced |ithographic nethods referred
to as resolution enhancenent techniques, and inproved equi pnent and
S5materials. One such process advance, 2depicted in FIGS. 1-6, uses a
mask having repeating features of a given pitch (i.e. a given

di stance fromthe beginning of one repeating feature to the begi nning
of the next feature) 10 along with the fornation of various |ayers
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process. The patterned masking layer 16 may be formed at the feature

size limits allowed by the lithographic process, and comprises three

20 individua! features (three periods/pitches) formed over a given distance
18.

After forming the structure of FIG. 1, an etch of the support iayer 14 is

performed using mask 16 as a pattern. This etch is typically an anisotropic
25 dry etch which etches the support layer 14 selective to the layer to be

etched 12 (i.e. which removes the support layer 14 with little or no

etching of the layer to be etched 12). After etching the support layer 14,

the patterned masking layer 16 is removed and a conformal hard mask

layer 20, for example silicon dioxide, is formed to result in the structure of
30 FIG. 2.

Subsequently, a spacer etch of the FIG. 2 structure is performed to result
in the structure of FIG. 3 having spacers 20’ from the hard mask layer



The process of FIGS. 1-6 has the advantage of using optical
lithography to 10 formthe masking |ayer 16 having three features in
a given distance 18, while the conpleted structure depicted in FIG 6
has six features 12 (six periods/pitches) in the original distance
18. Thus the nunber of features within the distance is approximately
doubl ed wi thout requiring an additional |ithography mask. 15 Vari ous
techniques to increase feature density are described in US Pat. No.
5,328,810 by Tyler A Lowey, et al. and US Pat. No. 5, 254,218 by
Ceredi g Roberts et al., both of which are assigned to M cron
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one-half o at attainable usin 5l i thography, would be desirable.
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features, for exarrpl e formed _using photolithography; FIGS. 7-15 are

cross sect Feswd iBrthgrstryctyre 861G s@ni conduct or devi ce depi cting an
enbodi nent of the inventive nethod which increases the nunber of
features in a given area by four tines; 4

The process of FIGS. 1-6 has the advantage of using optical lithography to

10 form the masking layer 16 having three features in a given distance 18,
while the completed structure depicted in FIG. 6 has six features 12 (six
periods/pitches) in the original distance 18, Thus the number of features
within the distance is approximately doubled without requiring an
additional lithography mask.

15
Various techniques to increase feature density are described in
US Pat. No. 5,328,810 by Tyler A. Lowrey, et al. and US Pat. No.
5,254,218 by Ceredig Roberts et al., both of which are assigned to Micron
Technology, Inc. and incorporated herein as if set forth in their entirety.
20

A method for forming a semiconductor. device using an optical lithography
mask with a first pitch and resulting in features having a second pitch
equal to 1/n, where n is an integer greater than 1 and without limitation of
feature size reduction or spacing to one-half of that attainable using

25 lithography, would be desirable.

Brief Description of the Drawings

FIGS. 1-6 are cross sections depicting a conventional process for doubling
30 the number of mask features, for example formed using photolithography;

FIGS. 7-15 are cross sections of an in-process semiconductor device
depicting an embodiment of the inventive method which Increases the
number of features in a given area by four times;

35



FI GS. 16-22 are cross sections depicting an enbodi ment of the

i nventive nethod which increases the nunber of features in a given
area by six tines; 5 FIGS. 23-31 are cross sections depicting anot her
enbodi nent and variations of the inventive nethod which increases the
nunber of features in a given area bygthree tinmes; FIGS. 32-38 are
cross sections depicting another enbodi nent of the 10 inventi-on which
i ncreases the nunber of features in a given area by five tines;

FIG 39 is an isonetric depiction of various conponents which may be
manuf act ured using devices formed with an enbodi ment of the present
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descri pti dimepr evi ous process steps may have been utilized to form
regions or junctions in or over the base sem conductor structure or
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particul ar stage of processing. In addition, the sem conductor need
not be silicon-based, but may be based on silicon-gernmani um

si | i con- OrFIG. 40 is a block diagram of an exemplary use of the invention to form

part of a memory device having a storage transistor array.

20 It should be emphasized that the drawings herein may not be to exact
scale and are schematic representations. The drawings are not intended to
portray the specific parameters, materials, particular uses, or the
structural details of the invention, which may be determined by one of skill
in the art by examination of the information herein.

25
Detailed Description of the Illustrated Embodiments

The term “wafer” is to be understood as a semiconductor-based material
including silicon, silicon-on-insulator (SOI) or silicon-on-sapphire (SOS)
30 technology, doped and undoped semiconductors, epitaxial layers of silicon
supported by a base semiconductor foundation, and other semiconductor
structures. Furthermore, when reference is made to a “wafer” in the
following description, previous process steps may have been utilized to
form regions or junctions in or over the base semiconductor structure or
35 foundation. Additionally, when reference is made to a "substrate
assembly” in the following description, the substrate assembly may



5i nsul ator, silicon-on-sapphire, germanium or gallium arsenide,
anong others. Further, in the discussion and clains herein, the term
"on" used with respect to two | ayers, one "on" the other, neans at

| east some contact between the | ayers, while "over" - means the | ayers
are in close proximty, but possibly gﬁth one or nore additional

i ntervening |ayers such 10 that contaCt is possible but not required.
Nei t her "on" nor "over" inplies any directionality as used herein.
The term "about” indicates that the value listed may be sonmewhat
altered, as long as the alteration does not result in nonconfornmance
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7-14. Thi speitiepe oy tpalagent results in a CD which is reduced to
1/2mof its original value. The value of m.may be 6 determ ned by

totaling the nunber of spacer |ayers formed during the ASD process.
FIG 7 depVadiousaesdodirheotsadf thiequresenthinyeaphnaiseaalternating sphegr

examph®  deposition (ASD) for pitch reduction to achieve variable critical dimension

(CD) reduction ratios. The pitch reduction process achieves a CD which is
smaller than that defined by a previously formed photolithography mask.
The various process embodiments described herein comprise the use of a
first type of spacer material used as a sacrificial layer and removed with

25 high selectivity to a second spacer material which is used to pattern an
underlying layer. Depending upon the trim ratio, the number of spacer
depositions, and the thickness of each deposition, a CD which is 2/n of the
original value defined by prior photolithography may be achieved, where n
is an odd or even integer greater than 1. In other words, the process

30 multiplies the pattern density by n times. Particularly, by repeating the
ASD process followed by a corresponding spacer etch m times, a CD may
be achieved which is either 1/2m or 1/(2m-1) of the starting CD,
depending upon which of two methodologies is performed.
A first embodiment of an inventive method for forming a semiconductor

35 device is depicted in FIGS. 7-14. This process embodiment results in a CD
which is reduced to 1/2rm of its original value. The value of m may be



5 conprising segnented sections of photoresist having cross sectional
sidewal I s, overlying a |layer to be etched 72. The |layer to be etched
72 may be a sem conductor wafer,: a sem conductor wafer substrate
assenbly conprising one or nore | ayers overlying a sem conduct or
waf er or wafer section, or one or noré other |ayers which are to be
subjected to a 10 patterning etch. In this enbodi nent, the

phot ol i t hographic features 70 are forned at the lithographic limts,
with the width of each feature 70 and the spacing 14 between the
features 70 all being about equal. Layer 70 may conprise a patterned
mat eri al od¢kermined byetalingsthe: nurmbenpf spagasriayens fonene) dyrirg the
structure Rsprpidckss.performed on the photoresist using an isotropic
etch to result in the structure of FIG 8. \Wen using photoresist as
| ayer 70, the trimmay be performed by exposing nask 70 to an
oxygen- baskis.pr dspiats aclacefciahpbétialtizogiabitgpaitersn? 02fdrBrxaphEena. | n
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pitch whic 4 of the original), the nunber requi red spacer
| ayers indicated by I/2mis 2. Next, a first spacer |layer 90, such as
silicas diakedérmingdapdiGt & sovatuitehe tsor kgpefainédenkhe pHbtoresist
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90'. 20 targeted to narrow the width of each feature 70 by 0.25 (25%). That is,
after trimming, the width of each feature is narrowed by about 25% from
the width of the pretrimmed feature. In an alternative to performing a
trim for this and other embodiments specifying a trim procesé, the
photoresist features 70 may be instead printed directly according to the
25 dimensions of FIG. 8 if the lithographic process is sufficiently relaxed to
allow the patterning directly without a trim. The completed mask is
targeted to have four times the density of the original pattern, with the
original pattern being the untrimmed photoresist layer 70 at FIG. 7. As the
target is to form a pattern density which is four times the original pattern
30 (i.e. to have a pitch which is ¥ of the original), the number of required
spacer layers indicated by 1/2m is 2.
Next, a first spacer layer 90, such as silicon dioxide, is deposited over the
surface of the FIG. 8 structure to result in the structure of FIG. 9. The
thickness of first spacer layer 90 is targeted to be 0.25 times the width of
35 original pattern 70 of FIG. 7. With FIG. 9, distance 92 is the same as the
width of each trimmed photoresist feature 70. A spacer etch Is performed



After the spacer etch of first spacer layer 90 to form spacers 90,
the 5 photoresist layer 70 is renoved, for exanple using an ashing
process followed by a wafer clean to result in the FIG 11 structure.
As this process renoves very little or none of the first spacers 90,
t he spacing at 110 and at 92 does not .change significantly. 10 Next,
a second spacer layer 120 is forned over the FIG 11 structure to
result in the FIG 12 structure. The material of second spacer | ayer
120 is selected such that first spacers 90' nay be renoved sel ective
to layer 120 (i.e. spacer layer 90° may be renoved with [ittle or no
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pattern fo ey ri-bed in mathematical terns. Referring to
FIG 7, ea%:%e%acrl ?glegﬁgghot oresist feature 70 is forned to an

arbltrary width of 1, with the distance 14 between each feature 70
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| ayer 90 tEIGQ.es(ilé. the pitch is 0.25 times that of the pitch of the features of
FIG. 7). The particular etch used to remove first spacers 90’ selective to

30 second spacers 120’ depends on the material used for each layer, and
may be any suitable etch known in the art. Finally, the layer to be etched
72 is etched using the spacers 120’ as a pattern to form features from the
layer to be etched 72. Any etchant may be used which removes layer 72
with reasonable selectivity to spacers 120’ and results in a completed

35 structure similar to that of FIG. 15.



15 in the FIG 10 structure does not change the relationship between
el ements 70 or 90. The renoval of photoresist features 70 to result
in FIG 11 forms opening 110 having a width of 1-X (.75), which was
t he post-trinmed vvidth of photoresist feature 70, and a distance 92
of 1+X-2am (Since "a" equals X and mequals 1 at this point,

1- X=1+X-2am 20 so the two distances 1$0 and 92 are equal , not
counting any process-induced variations.) At FIG 12, the second
spacer layer 120 is forned to have a thickness of "a" (again, with
this enbodi mant "a" is equal to X). Thus distance 122 is equal to

1-X- 2a( m 1 H{ead&m%he tHEI8Es ef v§rﬁé‘&§éle‘n€’é’r&‘s%ef&éﬂ‘%g theLp%tiéth _

(i.e. second_spacer 120 i ult in
the FI G 1@"%@?%@ desfdt !Q Iy ma§l?e'§'ﬁéﬁ%lrter'5§e?le&f“in§ eﬁﬁ{lz gagh
result in sheifetal photsresist feafure 20 isibtinetite @1 adiitraly (idit of h;mscth

w dt h of of t 704 tﬁmﬁ,
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t{“ s e”BOd!af?rE  ThirzPesl hﬁtﬁaaguda vaawa(st@%dwmex-)qfarﬁpmmstmsé Thus
it may be determ ne i S
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thus it nal;zasbe vddtle ofiilp &distémial 4o & ancbe124% gf @'@Jwidmcpf feature 70)

351+0. 25 2{1e20)thé)iitse géacérrlagéungbaé Férphdto have attheciridss toraad: §£€KHIO|
spacer gaer t hi ckne LS, e to X unt__of tri e

al so é(ﬂjal e EHeIS 1 AT wmé?én %hf‘eaum QI SPRERDIEVERT
spacer | ayfirijed tlrtuslfarammhemnbmgsctl.tehat) Irh ehip reooizedi e c And éul oty e

may be ”D%Hb%ﬁ rfneﬁtsﬂﬁnicgh%r u\‘.@l ea:@fto 62”’ H‘ﬁ-uee%tﬁ'iﬁﬁ?'dﬁ‘ 2 Me

which wll ensl
where nme3 trycl@raﬁcqfe’w ﬁmeel;s!aﬁr 8921'51%3@9&%9 13% eaée%%é’&h% ﬁﬂgﬁ
feature pitAniad b Ebcle fedthee 7091 The etiensf fitstispaicac la@s @b toyresiit

times Agai | | ] e

phot or kb1 S fhe - 0, PRyl FOCrhte it rel ol Befliedd? |

with a 10 diesrentsdther ﬁ@eﬁhﬁﬁél‘l‘mv@! of ebptaresist ieat‘Pﬁ%'; Eﬂé@dﬁé%lm
features, Eheref eéens BpERINg P10 BRAvIg & witth smwfdep; oinech wasfkthe 7.

?Ifﬁimfj"h;” Fstrgpmawidiaay gogr e RElR Rl s U eFE 9290 ween

phot or esi stt +Xedenm 5irve Tafrquaied and 77 equals 1N@'§<th15 RoMtadkEe1HX-gem

spaceryd aygs thd QwoldiEta®¥asn1® Sid beQiteidual, dfot dounting any
process-induced variations.} At FIG. 12, the second spacer layer 120 is
formed to have a thickness of “a” (again, with this embodiment, “"a” is
equal to X). Thus distance 122 is equal to I-X-2a(m-1) where m is the
number of spacer layers formed thus far (i.e. 2). Next, the second spacer

25 layer 120 is etched to result in the FIG. 13 structure, and the first spacer

layer 90 is removed to result in the structure of FIG. 14.

essS

With the original (pretrimmed) width of photoresist 70 at FIG. 7 being
equal to 1, the distance between each feature in FIG. 14 is equal to 0.25,

30 As described in the paragraph above, distance 122 is equal to
1-X-2a(m-1) where, for this embodiment, X=a=0.25 and m=2 (the
number of spacer layers). Thus it may be determined that distance 122 is
equal to 1-0.25-2(2-1)0.25=0.25. Further, distance 124 is equal to
1+X-2am, thus it may be determined that distance 124 is equal to

35 1+0.25-2(.25)(2)=0.25. In general terms, “a”, the first and second spacer



formed over the trinmed photoresist as depicted in FIG 16. The

t hi ckness of the first spacer layer 160 is targeted to a thickness of
1/6. In FIG 16, photoresist 70 has a wdth 162 of 5/6, and di stance
164 is also equal to 20 5/6. The first spacer |ayer-160 is spacer
etched to result in the first spacersyl60' as depicted in FIG 17.
The base wi dth of each spacer 160" is targeted to remain at 1/6.
Spacer | ayer 160 represents nel, being the first spacer |ayer. 25
After formng the FIG 17 structure, the photoresist 70 is renoved
and a bl anket second spacer |ayer 180 is formed over the first
spacers 166vea§11d|9m=‘§t éslequpltpc (de ampyet of tHyYr and@lsepavaldrt & 2mo,
bei ng the ayes GRIHbEPEEESader Y BFersP0 is forned
froma mat rla &E?%ﬁﬂﬁg% %ﬁ gtgﬁgéﬁgelec??ee ?% flrﬁi sgacers 160’
for exanple silicon dioxide. 30 The second spacer |ayer 180 is

targeted tg; cBHté‘rKGB%%éd Blatlth@ prdbiss deséiiralde rrsama%od.@e@/f&
(i.e. X2). structure is sué&ectedtoa pacer ech of

| ayer $80 higheovaluesfifa 18 she &xerassien d42te pyich @ill Incepase the featgre 5
bl anket t gk gpﬁwﬁulbabégrof@m Fsoééagrmsfer%sméeaoasmeqﬁaeiﬁhﬁ FIGs; ¢ and

spacer | ayer formed Tromthe erial as the first
D S pacer ygde WHTGH deReaRses e IFEiHE Mteh 6 /B bte | e BRGUARETY i
thi ckness trebsad thhsix tﬂhé&ﬁ%lﬂ-%rl‘.ﬁn%&w opagplanbayes trﬂaeﬂadth of
represents me3, the final acer pacer

S

etch of Ia%""i%@%%’ér'f"&'ra &af‘-’lﬁ?tFégﬂlal“ ?'?P‘irﬁ@’mgl'?'ﬂbetsﬁr"g Idfw'ﬁhé 20
conpr |1$Jhngd|§ﬁéiﬁéd I Setheln, thé&ﬂmtoﬁémistlmi Tﬁélﬁhotd?rEssetﬁmdreﬁpahen'efofeBg
are etched and renpv sel ective t cers.16 t he
third space?€ Tgﬂmg' ‘ifd%' ‘?’J'"tcﬁé é’FE’ff%%‘% ﬁiés?I |A§=g?1 % '&n%lg.‘ secoﬁ?p
spacers 18&fruseilrecéastephotosesistcimatore VDcletrsrpmmﬂ by 166’ ofdtsawliki?b' (J.et he
structure Qof ElLG X i . ! . j

sk havi =3kt A EIFRCE el B B dany e g0 fEReLEE
phot or esi s¥/d.ayer 70 of FIG 7. Finally, the layer to be etched 72 is
etcheéngi ng spacers 160', 190" as a mask to result in the structure

of FI 22. 15 This process may be nodified fromthe description
her ei n f orNexty a/blangebfirghspilker pysctlicdalfor exampteositieen plKdauIR val ue

of m depe“f&?gﬁg 6\?& %Oﬁﬁlgt e'agpsl'}cﬁﬁpég?%tog%:déﬂi@téchﬁ Algir g, %@tH?@R?és@”s

of X (the w st an e di stance between
phot or esi soljtl‘szt ﬁFSIt@Pa?er rgerdp04ds tatapted pa@thiguessiafildh. b Fﬁﬁ;t Lfes,

L. Spacer o6 ai8eo o818 W14 of 816) 4t ol s 8 Eicotleatis | ons

are sacrlf CI a be sel ecti vel renoved. For the enbodi nent of

FI GS. 205- 2@/%’6}@@5@?%'%& 1§Ba§éP§cer etchegife "§§E'(5r'|'6|t§%§6¥rs 180"

are sacri f!;ﬁé&'rs@%@ GEQIebﬁﬂP&WFI@Ol?t'hhé b@bé@!ﬂ&“bﬁea&mepiﬁrmGO is
"sacrificial" refers to spacers or other qa%ers 25 used Ehrnl ng

(such as | ¥ferterD {HPER #ad/ G SRAHIRE pF8 B FeRTES T B i % ayer
to be etchgekt spbiér fdyerenbodi nent above providing a CD reductl on of
1/2m where mis the nunber of spacer l|layers forned, the decrease in
pitch is anmultiple of 30 2 (i.e. 1/2, 1/4, 1/6, etc.). The
ermbodizent Aftes esrinbied thel FIG. 7ostraetare, tHi2 pleshocesisn7@ts dért@ved pndrer e

tpgtj ts eﬁ Ee ' gl%n?(t ggcorrr!la sgaece}'/lg’\’/erliéo isléo?me% over th'atlh rst gpégér@all.GO' as

depicted in FIG. 18. Spacer layer 180 represents m=2, being the second
spacer layer. The second spacer layer 180 is formed from a material which
may be etched selective to first spacers 160°, for example siticon dioxide.
30 The second spacer layer 180 is targeted to a thickness of 1/6, thus

distance 182 is equal to 3/6 (i.e. X/2). The FIG. 18 structure is subjected
to a spacer etch of layer 180 to form second spacers 180" as depicted in
FIG. 19, then a blanket third spacer layer 190 is formed as depicted. The
third spacer layer 190 may be formed from the same material as the first



11 In this enbodinent, the structure of FIG 7 is formed according
to techniques known in the art, and conprises a |layer to be etched 72
and a photolithographic pattern conprising photoresist 70 overlying
the layer to be etched 72. The layer to be etched may be a

sem conductor wafer, one 5 or nore |layers overlying a sem conduct or

| ayer, or one or nore other layers which are to be subjected to a
patterning etch. In this enbodi nent, the photolithographic features
70 are formed at the lithographic limts, with the w dth of each
feature 70 and the spacing 14 hetween the features 70_all_ bhei ahbout
equal . LayRR3ceD avsy EU %B%'eas‘lﬂ:é’t“t RIETdRy i jasgetpy (ﬂ’t?e\‘h"f <o
_phot or esi size. Ahugrdistahbk NS 2t iBeL /6l Epadeslaydt 180 epreddrits im SBAERS fihalyer
230, such as silicon dioxide, is deposited over the surface of the

FIG 7 striPeCaf Bves ipddam Wlhﬁ"? R=3tructure of FIG 23. The thickness
of first spacer layer 230 is targeted 15 to be 1/3 tinmes the wi dt h of

photoreS|st 70. A SB ﬁr etig rfor d on P\?d%? er 230
of FIG> 23 SPRGAT ¢ ‘% BYYr 127 &5 9@“& °r§s‘r' Sth lt:"ﬁoresul ts
in the Fl GIGR4A0stdmpEising shﬁcenglspacmos a’dﬂﬂi%h&héh&hemend eba&:erand
phot oresi sf_etch renoyes very little or no f t he ver i ons
hed SB e o B 05

of the firki0 saﬁ‘é(?éF §af regtPvedRele s tt‘i’g %fpaﬁﬁrsz

lchange78 i gﬁtrﬁlmhy 196hataroth24éxchqifahe difvenvdidkideafecbhd qphoercsr esi st
ayer r

f o)r/rred over eédt Feiﬁt'ée t?fq;(toﬂhelttﬁ?% Sp Sc‘la’rgefﬁ] rsqpf%& E"'%)'(’Fryggu#g rUct ure.

The maer iFG. 1 s=oaing. Thacpacemybs0’'23090f prcﬁﬂ‘ﬂselmaslehaymma deesity

f1st SPaGganisl, AResiRel WG hiiRE j:CrIcJtXPesﬁé’c 150 216! 9. FiMaly,

enbodi ment, second spacer |ayer I ses si |con nitride.
| ayer 250 the layenta tae gbched t?a in et¢het§kneeg spgaeits 160" 190¢ Bsresﬂahleto

t hi ckness epicted in FIG 23. The process
t hus far r%%ldfet?'gttﬁ%%g%}:ﬁteagg?g%e?ng about 1/3 the wi dth of

phot or eS| st layer 30 70 depicted in FIG 23. Because layer 250 is
for meq Oﬁﬁ%gxr@céﬁ' rﬁ%pwnﬁ%ﬂ*@ fr&hﬁ&hé"@éﬁ?‘:dtﬁ)rf@ér%lﬁ ?@fnarY\,Z vhii@ of

dlstance (equal % | ayer dges across the openings
at 232, bum. Eb@@rﬁetlcqirltrdgé% Megmmwnd@t#ﬁ Hbé" gerends OnfEeAfter

form ng tfﬁoEéémﬁeatrtdlsweﬁd tae sQ&nftht ditReriforis SPRAChe Higth bfSthe
performed on the second spacer Q0 to result in the structure

of FIG 26PhSRiRSs 3y %Q@F@C&B&W Yrpphotpredisdi I foses t he

| ayer to be etched 72, but only at Iocatl ons 260 over Whl ch
phot oresi s

d; 705 sorlcg}ln for d. Furth I gctlons 260
are e&bh rﬂ"ya LEPages 48R A R EBPEYPPPINedfron ot FiG
23. (m-1)th, (m-3)th, (m-5)th, etc. dep05|t|0ns are sacrificial and may be
selectively removed. For the embodiment of FIGS. 16-22 where m=3, the
m-1 spacers, i.e. the second spacers 180’, are sacrificial and are removed.
For this disclosure, the term “sacrificial” refers to spacers or other layers
25 used in patterning (such as layer 70) which may be removed prior to

patterning the layer to be etched.

With the embodiment above providing a CD reduction of 1/2m where m is
the number of spacer layers formed, the decrease in pitch is a multiple of

30 2 (i.e. 1/2, 1/4, 1/6, etc.}. The embodiment described below provides a
CD reduction of 1/(2m-1) where m=2, thus the reduction may be 1/3,
1/5, 1/7, etc. of the original pattern.



After formng the FIG 26 structure, the first spacers 230" are
etched selective to the second spacers 250" to result in the
structure of FIG 27. 10 In this enbodi nent, the pattern fornmed by
remai ni ng second spacer |ayer 250 has a density which is three tines
that of layer 70 at FIG 23 (i.e. thellpitch is 1/3 tinmes that of the
pitch of features 70 at FIG 23). The 'particular etch used to renove
the first spacers 230" selective to the second spacers 250" depends
on the material used for each |layer, and 15may be any suitable etch
known in the art.-Finally, layer to be etched 72 is etched using any
et chant wHincthis embweimeat,dhe7stréstenmvbFIG.OT isitgrmadeagcanding tceasonabl e
selectivit . r " S f ' t n
the FI G JbchiBRieMrER e pit ARG gRipres laUsE e BeiEned 72 50 @

pl anar i zatphetolithogeashis ppehtesn coRmniring PHotoregisbd Opavearbing §he fpverdo
FIG 25 st r ' r 30
are thon roeudiss 1 T ey 18 e REl e b & e o e B
(spaceB etwhinoot layeas everlyingr a ssmicendusteniayet erconesurmoePhRE Fl G
30 struct Sl : R e ol i ed
o resul t PReRIRchHBRoMRAEER Pty o igtrhitg cHoIn s SRR
spacers 25t phntplithognephic feataresi?Pars leemgrtatithadithegrmphic ipieer

etch, whi qbaftﬂwe haaad¥pELAY FMBIrd 90%&@@5&1@ 99a5stvagn tAS raatRaser
etch is perforned on the FIG 29 structure to clear the horizontal

portions of0 phein@aboviheawalc LAYRICTO AafhaEemPrigpareeidernad mateidlat ur es

250" depi cipdr 8RRy phbfaredfdtare spacers, and conprise planari zed,
coplanar tops. In an alternate enbodi ment to the previous paragraph,

an etch back of layer 250 of FIG 28 may be perfornmed first, then
spacers 23ﬂfteﬂfty'rrhﬁ? tREFIEd 7 sthictlife Pfintepacef Idyet23023ud agrsliidotes

2nd 250) dIREEer tdpreRied etflcrecbrres e iy SPRESTe B BRIt i
density). thei Srydt0eess FIBY2BeThedhickedss of first spacer layer 230 is targeted
15 to be 1/3 times the width of photoresist 70. A spacer etch is performed on
first spacer layer 230 of FIG. 23, then the photoresist layer 70 is removed,
which results in the FIG. 24 structure having spacers 230", As the spacer
etch and photoresist etch removes very little or none of the vertical
portlons of the first spacer layer 230, the spacing at 232 and 240 does not
20 change significantly. Spacing 240 equals the width of the photoresist layer
70 depicted in FIG. 23.

Next, a second spacer layer 250 is formed over the FIG. 24 structure to
result in the FIG. 25 structure. The material of second spacer layer 250 is

25 selected such that first spacers 230’ may be removed selective to layer
250. In this embodiment, second spacer layer 250 comprises silicon
nitride. This layer 250 is aiso targeted to a thickness equal to 1/3 times
the thickness of photoresist layer 70 depicted in FIG. 23. The process thus
far results in spacing 232 being_about 1/3 the width of photoresist layer

30 70 depicted in FIG. 23. Because layer 250 is formed to have a thickness
(equal 1/3) which is more than Y2 the distance of 232 (equal to 1/3), layer
250 bridges across the openings at 232, but does not bridge across the
openings at 240.



5 any practical value of m thus the reduction nmay be 1/3, 1/5, 1/7,
etc. of the original pattern. A process is depicted bel ow where me3,
thus the pitch will be 1/5 of the original mask (i.e. five tinmes the
feature density). Again, for sinplicity of explanation, the w dth of
the photoresist is initially targeted,to an arbitrary thlckness of 1,
with a distance between the 10photorels% st of 1. The photoresi st
features, therefore, have a pitch of 2, which is depicted in FIG 7.
As with the enbodi nent of FIGS. 23-27, the photoresist is not trinmed
in this enbodinment. For this enbodi nent, a bl anket spacer |ayer, for
exanpl e siAft@oforniihg tide FIGs 255thuators] awarchtén,&:hFaﬁa sﬁaserrmLise The

bl anket spa | ayer .LS tar ted to_hav t hi ck 1/ wi dt h
of “each pHOTTTEWE Bh thE sPRTEsPeRpRE A 50 ot <UL A g sheisty s e
first spacG.2@yeomprsingaspacehe 2307 ard A66°. dﬂwu?b&h eﬁpdmslthg layersto

spacers 930 RILOEES o) LIS ARVElof Qe ASAHA &Pyl 01

poi nt, n¥l, cers rom pacer
| ayer . 5Phokas elgs'tallwfya'neaoFusthee,riouandormﬁfia asecanld chaebout 2 the330

330 conpr i GEE 8" e ehPRIre R S7Y PR AR cel ective 1o the

mat eri al of spacers 320, for 25exanp|e silicon dioxide. Layer 330 is

e spaci (1t Fs Y ERE FIG. 26 Jnicliie g MEPELILE R385t rchep o
the str Ectaﬂle;:tuﬁe tol the taolmajvspﬂg:efs 280’ @paselitsn@e stnebtseazgﬁﬂl%péber s
330

0 A e e ol R e B8R F o35 er

| ayer 350 250 has gedensityi wb@pa@breq tiynes thgb Ofrbamfcﬂﬁpaﬁ BEG .t 2 (isertie
materi al Oéntéhhg ]f/'3rt$|1he§Qﬁ5€Bf bRy Eftch 'oF féé‘thﬁeﬁ‘@%'ﬁ%nba%' Th&on

nitride, or ferent materi al wi thstand an etch of the
second sparAsticulayetch yRed ttﬂlrleﬂ‘%’ﬁafé‘@rrfﬁ'é§9?c‘?r§ 334y gelesgvedoghe
thi ckness Qcoﬁéyp%c?l%efm;&mst&{ g8l niditbrknessd ffr ddip 1bpér, dirgpacer

| ayer 350 IS nore
may be any suitabie etch known in the art. Finally, layer to be etched 72 is

etched using any etchant which removes layer 72 (removal not depicted)
with reasonable selectivity to spacers 250", '

Instead of performing a spacer etch on the FIG. 25 structure to result in
20 the FIG. 26 structure, a planarization process such as CMP process may
be performed on the FIG. 25 structure to result in the structure of
FIG. 28. Spacers 230’ are then removed to leave the pattern of FIG. 29,
then an etch back (spacer etch) of spacer layer 250 is performed to result
in the FIG. 30 structure comprising spacers 250°, Finally, layer 72 is
25 etched to result in the structure of FIG. 31, This CMP process may resuit
in spacers 250’ comprising a more uniform height than using a spacer
etch, which may be advantageous to subsequent processing. As a spacer
etch is performed on the FIG. 29 structure to clear the horizontal portions
of layer 250 which connect adjacent spacers, all of features 250’ depicted
30 by FIG. 30 are spacers, and comprise planarized, coplanar tops.

In an aiternate embodiment to the previous paragraph, an etch back of
layer 250 of FIG. 28 may be performed first, then spacers 230’ may be

removed.



than half the spacing at 334, |ayer 350 bridges across openi ng 334,
but fornms conformally at spacing 332, which has a distance of 3/5. As
there have been three spacer |ayers used to this point in the
process, ne3. 5 After conpleting the FIG 35 structure, a spacer etch
is perfornmed on the third spacer |ayer 350 to result in the structure
of FIG 36 having third spacers 350'.13ubsequently, the second
spacers 330" are etched selective to first 10 spacers 320 and third
spacers 350" to result in the FIG 37 structure. The remaining
spacers 320, 350 are then used as a nask to etch the layer to be
etched 72 to result in the structure of FIG 38. Finally, spacers

320, 350 be re t he Iter tive tou space

ctches. o TISREMESEIGICS: 3327 RApYBeemr-Dray upton Bf O aUonnere
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§3eg§r1tos @]‘&éggsc%tiogf geTRg%ﬁ%Eeﬁ%tgﬁca%u?%sr'n@%r IS re ucedZGS

1/ (2m 1) oWhlthIS(ﬁﬂpgqttﬁdlm\FéGué’ Agtvitle the ermyadiment of £LGE- 8B-2hetheD i s
the 30 w d{: t%freaépfsqc&serﬁﬁmfeﬁ%%e éﬁbehirﬁé.ﬁs 23 and 32, and mis

t he nunber spacer |ayers whi are fornmed, where nf..2. The
equati on 11 X+2ma=-a may be used to deternmine the nunber of spacer

layers reqebds @fls ER{IbRIiMeYENa b%ﬂlééttlsﬁacérnla@r Wﬁ%&@n{ﬁlé 2ilRBH niridd,Ss
the thickness of the spacer

)Gers dlwm t he WLch of the

ori gi & pf%f”tﬂcb%‘f%"tt"lea% 7 :”B' FiireniTae FRREEr RY6T iR 1aRERE I no
t H)md' 15 HWéf 8 Ftrlh:fkn@k’;‘s @5 nas éﬁ@&hdtfﬁ&iﬁéa?f@ phBtdrékiGﬂdEEh_ tufe t?be]f\ slgaégr
enbodi nent s of. D T- unt ri nme n the enbodi pents o

o838, | eSS AT on 206 MRt TR Toval tolgpvE pae sfraet fre .

possi bl e (f1g. mhavmuﬁwsed))atersfnonmidtotemstsxmcmfcsmer ayeo b pet Wo
different étycp'n % ﬁ l(EBtthls poGint, -I:-hf", \mth spacers 320 being formed from the

20 first spacer layer.

Photoresist layer 70 is removed and a second spacer layer 330 is formed
over the first spacers 320 as depicted in FIG. 33. Layer 330 comprises a
material which may be etched selective to the material of spacers 320,' for

25 example silicon dioxide. Layer 330 is targeted to a thickness of 1/5, thus
the spacing at 332 is 3/5 and the spacing at 334 is 1/5. A spacer etch is
performed to result in the structure of FIG. 34 having first spacers 320
and second spacers 330‘; thus m=2 at this point in the process, with

spacers 330’ being formed from the second spacer layer 320.

30
Next, a third spacer layer 350 is formed. Third spacer layer 350 may

comprise the same material of the first spacer layer, in this embodiment

silicon nitride, or a different material which will withstand an etch of the

second spacer layer. The third spacer layer is targeted to a thickness of
35 1/5. Because the target thickness of the third spacer layer 350 is more



5 m2, m4, etc. spacer layers may all be forned fromthe sane
material, while the m1, m3, mb5, etc. |layers may al so be forned
fromthe sane material (but different than, and etchabl e sel ective
to, the m m2, m4, etc. layers). Each spacer layer is forned froma
different material than the precedi ngispacer. Further, the original
maski ng | ayer, layer 70 in both 10 enbodi nents, is renoved prior to
formng the second spacer |ayer. Also, with either enbodi nent the
ml, m3, mb5, etc. spacer |layers may be renoved, while the m m2,
m 4, etc. spacer_layers nay bhe used as a pattern. 15 The enbodi nents
! R¥Yes 150 Rt

I
of FIGS. 748h halptheiapacing 2t #3¢4. Ages PEASS\ReENg 334nbiten
nunber, whick@stdeaferrheny aespsciag 3320 higdhag apdieririie oF 38R @ere
density | ti JPier which is an odd anbgtﬁ-:‘ The enpodi nents of FI GS.
7-22 have HYSPESRHNEECTPARE YRR Msefl g dhis,polRh i the RO Bl Tant 5 of
FI GS. 23-38 both have an instance of bridging of a spacer |ayer Cat
232 2050f Aftér ca®phitthgethe3Brs. 035 EirGet ie) a dpac¥ebtdigteforanerDgh vaat ,

the structyre of FlI 14 is fornmed, and layer 1 IS ed. in place of
bhot or 51 SHTELgRACeS (s FHCL0 FestininTlegrentipnn of 8167 PhHAYPGHAS
spacer | ay®yackfs BBotred and spacer etched, then layer 120 25 is
renoved, as is done in FIGS. 8-11. The process continues with the

second sp r layer, of, FIGS. 12 and ., I.n apqgt her .enbodj nent, the
Structur o Sibseagengy. e pecindiesinds a0s Are ehted THET VAT e of

phot on@si sdépdcayeB2dGref thidspatcerd B39’ fo s@adein thayRlG.i 37 stutturerThever
| ayer 250, then. | ayer 25Q.i.S noy as..is done t ayer. (0 in FlG
23" and ¢ hi Epaihine Srets 3200 2P6¥ el e AT A oL (R ety o
sim | ar prioeeshens’2 be resslt or thedstructuretdfdilGe 380 #inatp] spadess |320ed

her ei n. J?qusmg?%iec}e%qo\i,éh FIG 39, a sem conductor device 390 forned
in accordance Wththe Thvéntion nay be attached al ong with ot her

devi ces such as a mcroprocessor 392 to a printed circuit board 394,

for exanple to a conputer notherboard or as a part of a nmenory nodul e
used il? a 1 iher ALRIARTIYE HBMHSIRT SBAGRTRICBRPA Bl2NagiRatoRm [l XamRP1896.
The m cr opCMPeas=gr bapaHormeenmi ytrdettires f thy viaeiolis remstsb diidnt€.0This

ot herwi se éﬁﬁgir'bé 5 %yﬁ%@@ﬁiiﬁ%’%g‘% th@%g%&@&eﬁ‘%vihg‘ée@ﬁ& heldfte, 39
may al so represent use o evice 390 1 n other electronic devices
conpri si ngwgichdﬂéY g ShENtpgROus EMBYRSAMMANS PEOERRTHIG- 4/5ig0 & planarizing
M cropr ocgs®eess3Pather than a spacer etch to remove a portion of the spacer layer
20 may be advantageous when using higher values of m. Rather than having
the profile of FIG. 38 which is formed using spacer etches, a structure
formed using a planarizing process will have a profile similar to FIG. 31. It
is also contemplated that one or more spacer etches may be combined
with one or more planarizing processes.
25
As with the embodiments depicted in FIGS. 7-22, the sizes of various
elements related to the pattern formed by the embodiments of
FIGS. 23-38 may be described in mathematical terms. The CD is reduced
to 1/(2m-1) of its original value, where the original value of the CD is the
30 width of photoresist feature 70 at FIGS. 23 and 32, and m is the number
of spacer layers which are formed, where m=2. The equation
1+X+2ma=-a may be used to determine the number of spacer layers
required for a given reduction in CD, where mz=2 and “a”is the thickness
of the spacer layers divided by the width of the original photoresist layer.
35 In this embodiment, X=0 as there is no trim.



10 related to tel ecommuni cations, the autonobile industry,

sem conductor test and manufacturing equi pnment, consumer el ectronics,
or virtually any piece of consuner or industrial electronic

equi pnent. The processes and structures described herein may be used
to 15 manufacture a nunber of different structures conprising a
patterned | ayer formed according to the inventive process. FIG 40,
for exanple, is a sinplified block diagramof a nenory device such as
a dynam c random access nenory havi ng contai ner capacitors,

transi stor gates, and other features which nmay be fornmed using an

:nggs: g‘;nlt \é@{l(iﬁgt\?ﬁ c?‘fd?ﬁﬁlghggf’lla?wefdnisﬁ?rmm |B%@réﬂ1b6mﬁ{e&kk% of such
processor BES-GEA ¢pt ré\mﬁ\"e"ffg 'Tfe%""i’é‘%g'%"ts #fﬁ‘ﬁbgdaﬁ e the

fol | owi ng bﬁﬁjeSs&BbﬁV@BBnlta‘rltlESl:nEUDE)camwegltElls pdsgibledbut not caquiotd)

circuitry 4op; thﬁgggsgéshﬂa%@%mg%o cgge%tgggm RUbLRL THR4m, r oW

decoder 40 nse rer 410; nmenory. array
412; arid déft-a, mﬁuﬁ@mmﬁrlﬁy@mw\w all b formeddremaihersiune material,
descri bed WhilB the eI ENA3 L d-5) bites 1dvairk VRap alkeOb& Fitnsed fronsthe same

d t t
oo DI Ot Sl oy XRRbeekf eREn SN LS m@e&:@w e, nfe) ous
addi t i onal etsntmydirabriachospades layerds forsned firdm andiffepentrroaterial than $bas
fﬁ; | 'Ste? 'C tn fé&gdg{egts g;swr . F@&ﬁéﬁ'%@ cmgnﬁém ﬁ:agl%ﬁ@rlﬁﬁﬁ%ﬂ %ryerﬁtzu iresatr! e,

U u | or.ne 0 res| s ma
o e oRBeRReR ds reioves oRos t8 SR AE Sekand:srpsps 14Vt Ao,
t r anspar enwitbagithear énfBpdinnenttthieanel, me8j pi-5( MR)spager lﬁvieasymavr kei st
(BLR). A df é/mgwcﬁ' WRIEBhe rrJr?mei Chh- Halétcb%pgﬁélf RIveRs midy beé A8sA @k 2

pattern froma photoresist layer to a dielectric anti-reflective
coating (DARER™.or to a bottomanti-reflective coating (BARC), then
to anorphous carbon, transparent carbon, an underlying multilayer

resistys or the e%ﬁbdm%rnlta)s?h@é mz b#@w@é al Rstsle d&ns&ytrhhﬁmér RIS .
Further, a trim if enp perfornmed _on %ogoremst rior

to the dr y'%é?’%’br‘f’é‘mb%@ (‘,“ﬂ" 'GrthSrP‘HHOGW&%?tF‘W ffdePa 8 preyid dry

devel opmenteRtfddeddlty &ﬂﬂ@@iert»bhuek Nean ddy Mamttaeusmabmbdmmkats of
assunmed to_be egual ato 10 t CD. The resul t'l‘ﬁt(sf‘ﬁ the |ines

and spacesFHee V%\l’ﬂtq{@‘%ﬁg%‘? SPRERY laygite Wh ogdyme 'H:é
two types of FRPS\ICES-IBb6th lfdvie aRYyndtance of Fieiaing of & Bahcer hivaa(at 232

Phe 1vip sptb el o7 eRActt1EEERE 3B (he final pitch. For exampi e
during the pitch triple reduction process, a thick 15 first spacer
may be useiin \\IrMeE gngtﬁer}ienmég&ﬂ'peq\t;sa% gfrUCtaJrEec;f ﬁl&e 1t4i iE%I)rrﬁQ&,Cgﬁd layer
120 is used in place of photoresist layer 70 of FIG. 7. Thus layer 120 is
trimmed, and a spacer layer Is formed and spacer etched, then layer 120
25 is removed, as is done in FIGS. 8-11. The process continues with the

second spacer layer of FIGS. 12 and 13.

In another embodiment, the structure of FIG. 27 is formed, and layer 250
is used in place of photoresist layer 70 of FIG. 7. Thus a spacer layeris

30 formed over layer 250, then tayer 250 is removed as is done to layer 70 in
FIG. 24 and this final spacer layer is used as a mask to etch layer 10, A
similar process may be performed with other embodiments disclosed

herein.



is selectively renoved, the final pattern of relaxed pitch (i.e. the
line smaller than the spacer) is formed with a density of three tines
the original density. This may be preferred in sone enbodi nents, for
exanpl e when used with a shallow trench isolation process. It is,
therefore, 20 contenplated that the appended clains will cover any
such nodi fications or enbodi ments aslall within the true scope of the
I nvention. Cains 1. A nmethod used during fabrication of a

sem conductor device, 5 conprising: providing a |layer to be etched,
formng a sacrificial _patterning |ayer over the |la r\éer to be etched,

10 wher ei rA% ABPISERT I F1G.a39 pa e ANy chor,d8vie SR fopged ipagrardange of

segnent ed PRk themevditidmeha}i bé aasthéd @!ﬂngaﬂiihsﬁﬁ@ﬁ@ewcéﬁ %u&ﬁ%fsléJnal
sidewalls; formn prlurallt of sacrifici first sg with one
MRs £9 3

spacer micrepyy S22, APTiRkRE Gircyft Rear %%‘brf@ﬁteé n of the

isacr i fici ador&ﬁuuzatrﬁ@mmmga&cﬁmeas al =i of BdnkhbryanblbieCisdd jpad t er ni ng
ayer;

ng, a conformal second s ayer over the
plural Pty Rﬁ"s?@%'eﬁf’r’??ﬁ”iﬁraf’ "gﬂ“?tmglb%e?r a main ramggg?g\,ﬂq a portion
of the conﬁn:rrrlﬁp&océgwwhf W?ﬁénioayeévtc@sfrﬁazmbf@wealww (Oﬂ; oftRsransh ]
spacers on the sacrificial. first, spacers 5subse nt, to ormngt e
atnd s poanRTISSYcAy ek timent 2 15F PEssant ARy e At oo B
et chi ng t heplregeat Use dfadeaticd8d0us iobigert élecs-enmmle\saes:eusmpa&n@ pattern.

30 2. Th hod,0f .cl 1 wh ficial
oat t o ni g IRyes S2Bn it S e GG ARTSRRE PREReotol dPeher

conpr iLfes:related to telecommunications, the automobile industry, semiconductor
test and manufacturing equipment, consumer electronics, or virtually any

piece of consumer or industrial electronic equipment.

The processes and structures described herein may be used to

15 manufacture a number of different structures comprising a patterned layer
formed according to the inventive process. FIG. 40, for example, is a
simplified block diagram of a memory device such as a dynamic random
access memory having container capacitors, transistor gatés, and other
features which may be formed using an embodiment of the present

20 invention. The general operation of such a device is known to one skilled
in the art. FIG. 40 depicts a processor 392 coupled to a memory device
390, and further depicts the following basic sections of a memory
integrated circuit: control circuitry 400; row address buffer 402; column
address buffer 404; row decoder 406; column decoder 408; sense

25 amplifier 410; memory array 412; and data input/output 414,

While this invention has been described with reference to iliustrative
embodiments, this description is not meant to be construed in a limiting
_sense. Various modifications of the illustrative embodiments, as well as
30 additional embodiments of the invention, will be apparent to persons
skilled in the art upon reference to this description. For example, the
structures described as being formed from photoresist may be formed
from other materials such as amorphous carbén (AC), transparent carbon

(TC), multilayer resist (MLR), or bilayer resist (BLR). A dry development



19 trimming the first width of each sacrificial patterning

| ayer to have a second w dth which is about 25% narrower than the
first width; formng each of the plurality of first
spacers to have a width which 5is about 25%of the first w dth; and
etching the conformal second spacer |ayer such that the second
spacers each have a wdth which is adout 25% of the first width.

103. The nethod of claim2 further conprising etching the |ayer to be
etched to formfeatures fromthe |ayer to be etched, wherein each
feature formed fromthe layer to be etched conprises a width which is
about 25% eifchtimayfbe perfarrdet to TEansfaha patterondrarh apbotorésituiayeeto a

comprt i NGierectric ahBABAIGHLEEoBtiG RHARE)br BEUBRSH ARIrEAlL the
sacrificia ayer o . ave a pretrinme pItChO about twce the
first w dttgatingl(BARC)Hihey torembephwust earben etrahspl ept cartpen, Han

of 't he. sechAend sRbifiket HeSiy, S Ral ureRsfaPpr bEFUBLEL PEER & | °0
cl ai m B f ubildyer resispr Figithey, 228im, if employedi mpvt be pedformedcemn
patterni ng L&%%sagyg{rg{]poﬁgh% BR BLvebhleht Yecit PR F BnBefingaybave 2

first dens?ty; an ayer e etched using the secon
spacers asa@estpadnedavelopimgnhescipl urality of features, wherein the
plurality of features :

The spacer thickness in various embodiments is assumed to be equal to

10 the target CD. The result is that the lines and spaces-have equal widths.
However, the spacer thickness of the two types of spacer materials may
be different so that a final pattern with various duty cycles may be
fdrmed, as long as the sum of the two spacer thickness is equal to the
final pitch. For example, during the pitch triple reduction process, a thick

15 first spacer may be used with a thin second spacer. After the first spacer
is selectively removed, the final pattern of relaxed pitch (i.e. the line
smaller than the spacer) is formed with a density of three times the
original density. This may be preferred in some embodiments, for example
when used with a shallow trench isolation process. It is, therefore,

20 contemplated that the appended claims will cover any such modifications

or embodiments as fall within the true scope of the invention.



have a second density which is about four tines the first density.
20 6. The method of claim 1 wherein each portion of the sacrificial
patterning | ayer conprises a first width, and the nethod further
conprises: 5formng each of the plurality of first spacers to have a
wi dt h which is about 33%of the firstign dth; etching the
conformal second spacer |ayer such that the second spacers each have
a wdth which is about 33%of the first wwdth. 7. The nethod of
claim6 further conprising etching the layer to be etched to form
features fromthe |layer to be etched, wherein each feature forned
fromthe |layer to be etched conprises a wdth which is about 33% of
the first W' 8. The method of claim 7 further conprising:

formng the plurali of segnent ortions of the sacrificial |ayer
Lo have & br bdek dPeibeCLest dnios TeiRt o poa SerRCnALESLERNE, and

et chi nG t heorhpyisihgt 0 be etched to formthe features to have a pitch
whi ch is about 33% of the predeterm ned pitch of the segnented
portions of the sacrificial layer. 25 9.The nethod of claim1 further
conpri si ng: providing ra laget be beastehédci al patterning | ayer such that
the plurality of segnented portions have a first density; and
30etching the | ayer to be etched using the second spacers as a
pattern to for ncamphg eadactificial phttatningdayehevesi thetlbgeptaibalettlyed)f

f eat Ul hﬁﬁgreqn th& %anﬁgg P bééée}"rﬁhﬁ rﬂas}e%’ c%l?'l%jllisetshé %Fur%iigfe gf éehgemégltre%t

densi t'y.
partions having at least first and second cross sectional sidewalis;

forming a plurality of sacrificial first spacers, with one spacer
formed on each sidewall of each segmented portion of the sacrificial

15 patterning {ayer;
removing the sacrificial patterning layer;

forming a conformal second spacer layer over the plurality of

20  sacrificial first spacers;

removing a portion of the conformal second spacer layer to form a

plurality of second spacers on the sacrificial first spacers;

25 subsequent to forming the second spacers, removing the sacrificial

first spacers; and

etching the layer to be etched using the second space'rs as a
pattern.
30
2. The method of claim 1 wherein each portion of the sacrificial
patterning layer comprises a first width, and the method further

comprises:



21 10. The nethod of claim1 further conprising form ng the
sacrificial patterning |ayer from photoresist. 11. The met hod of
claim1 further conprising formng the sacrificial 5Spatterning |ayer
froma material selected fromthe group consisting of transparent
carbon, nultilayer resist, and bilayerg resist. 12. A nethod used
during fabrication of a sem conductor device, conprising: 10
providing a |l ayer to be etched,; formng a sacrificial
patterning | ayer over the layer to be etched, wherein the sacrificial

patterning layer conprises a plurality of segnmented 15portions each
having a st art ithgming thefrst width ahsach sReiAalePatigrning [AYSAILO faver?

whi ch is afiedhdtWHaewhith &taddutss oy sirfowti tisdn edfistcaaehcr oss
sectional sidewalls, and a starting feature density; selecting a

desired feature reduction using the relationship 1/2rn, 20 where "ni

is an integer GoRAIRY eadRBf tHe pRItalityl 6F frsBBPaddie t6 1AV dadiredhithe
density will be about s.the starting feature density and the

. 2m ti mes,
conpl ePed 1§ @REYF &>pp PEENGITSt WIKtAhAOe 1/2m tines the original pitch;
trimm ng the width of each segnented portion of the sacrificial first
25 patterned | ayer. by an anount, about, 1/2mtines t startin j dt h;
formng a pl ura%F'P';’?chPef‘?q"g‘[?)"QB'a%e&PE,d SRACR 8"&55‘23?3? @?%%& each
of the firsfacantdescrchade i wiithlvikchidabanh2 Spasfrhehfinst mjden.t ar get
wi dt h about equal to 1/2mtines the starting width; 30 renoving the

sacrificial patterning |ayer; form ng a conformal second
spacenol ay:r omiehmedhod af ictaymol filiithet comp@cisings; etching the layer to be

etched to form features from the layer to be etched, wherein each feature
formed from the layer to be etched comprises a width which is about 25%
of the first width.

15 4. The method of claim 3 further comprising:

forming the plurality of segmented portions of the sacrificial layer to .

have a pretrimmed pitch of about twice the first width; and

20 etching the layer to be etched to form the features to have a pitch
which is about 25% of the pretrimmed pitch of the segmented portions of

the sacrificial layer,

5. The method of claim 1 further comprising:
25
forming the sacrificial patterning layer such that the plurality of
segmented portions have a first density; and

etching the layer to be etched using the second spacers as a
30 pattern to form a plurality of features, wherein the plurality of features
have a second density which is about four times the first density.



22 renoving a portion of the conformal second spacer |ayer to
forma plurality of second spacers on the first spacers; 5subsequent
to renoving the portion of the conformal second spacer |ayer:

if "nm is an even nunber, renoving the first spacers such that the
second spacers remain; or 10 20 if "nt is an odd nunber,
renovi ng the second spacers such that the first spacers remain; and
etching the layer to be etched using the remai ning spacers as a
15pattern. 13. The method of claim 12 further conprising: selecting
"m' to be an even nunber; 20 renoving the first spacers such that the

second spdoers thenmethodefi claim 1 wherein eaghcpeitipn dfethessasrificd! pe
et ched USiﬁ'&t%iH%%ﬁkrkB%ﬁ%@@@ﬁ%@@ﬁéfrﬁ #d aRanfedhb@firthdd. The
u

met hod of claim?® rther conprising: selecting the desired feature
reduct i on QOBESEH:2m where "nf' is 2

5 forming each of the plurality of first spacers to have a width which
is about 33% of the first width;

etching the conformal second spacer layer such that the second

spacers each have a width which is about 33% of the first width.

10
7. The method of claim 6 further comprising etching the layer to be
etched to form features from the layer to be etched, wherein each feature
formed from the layer to be etched comprises a width which is about 33%
of the first width,

15
8. The method of claim 7 further comprising:

forming the plurality of segmented portions of the sacrificial layer to
have a predetermined pitch of about twice the first width; and
20
etching the layer to be etched to form the features to have a pitch
which is about 33% of the predetermined pitch of the segmented portions

of the sacrificial layer.
25 9. The method of claim 1 further comprising:

forming the sacrificial patterning layer such that the plurality of
segmented portions have a first density; and

30 etching the layer to be etched using the second spacers as a
pattern to form a plurality of features, wherein the plurality of features
have a second density which is about three times the first density.



30 such that the conpleted feature density is about 4 tines the
starting feature density and the conpleted feature pitch is about Y4
tinmes the original pitch; 23 renpving the first spacers such that

t he second spacers renain; and etching the |ayer to be
etched using only the second spacers Bs a 5pattern. 15. The net hod of
claim 13 further conprising: selecting the desired
feature reduction to be 1/21-n where "nf is an 10 even nunber greater
than or equal to 4; formng a conformal third spacer |ayer
over the first spacers and on the second spacers; 15renovin

a
portion ofl@he Bemmathad of siaiey L Sudber Faperising fosrHing Aibe &ag'%fé‘if%'r s;

formng a caplQfimBlafePUrd pHr6RSsidtayer over the first and second
spacers and on the third spacers; 20 renoving a portion of the

conformal fourth spacer layer to formfourth spacers;

removi ng tige t higd rdtflol ok HaifP8¢erheRBEmpeRIHg B rilIfg TRE GBEriANS 25
fourth spacers; an et ching the ngﬁer to be etched, usi n(% t he

.and g U
second SandPtsenng ygs framasmptpHet sxigcted from the group consisting o

transparent carbon, multilayer resist, and bilayer resist.

12. A method used during fabrication of a semiconductor device,
comprising:
10
providing a layer to be etched;

forming a sacrificial patterning layer over the layer to be etched,
wherein the sacrificial patterning layer comprises a plurality of segmented
15 portions each having a starting width which is about the same, an original
pitch which is about twice the starting width, first and second cross
sectional sidewalls, and a starting feature density;

selecting a desired feature reduction using the relationship 1/2m,
20 where “m” is an integer greater than or equal to 2 and the completed
feature density will be about 2m times the starting feature density and the
completed feature pitch will be about 1/2m times the original pitch;

trimming the width of each segmented portion of the sacrificial first
25 patterned layer by an amount about 1/2m times the starting width;

forming a plurality of first spacers, with one spacer formed on each
of the first and second sidewalls and each spacer having a target width
about equal to 1/2m times the starting width;
30
removing the sacrificial patterning layer;

forming a conformal second spacer layer on the plurality of first

spacers;



3016. The nethod of claim 12 further conprising: 24 formng a
third spacer |ayer over the first spacers and on the second spacers;
renmoving a portion of the third spacer layer to formthird spacers; 5
renovi ng the second spacers and leaving the first and third spacers;

and etching the | ayer tx be etched using at |east the
first and third 10 spacers as a pattern. 17. The nethod of claim15
further conprising: selecting the desired feature

reduction to be 1/2m where "m' is 3 15 such that the conpleted
feature density is about 6 tinmes the starting feature density and the
conpl eted feature pitch is about 1/6 tinmes the original pitch; and
etching the |a)?%ﬁ'n6\ﬂn§% Q(brftmcbﬂmeng:rﬁﬂi'ryia[ﬁ‘t!tofnit:lrs;iac&ﬁda\,tdritbd’o&’paserS
20 as a pattern A et hod urln fabrication of a

seni conduc'?'UFa'ﬁé\ﬂfégco'a%ﬁBPF%ﬁsr@ ﬁ?&ﬁ?%\ﬁ FRF7a | ayer to be etched;
formng a sacrificial patterning Iayer over the layer to be etched,
wherein the sacrificial, patternin a I ses . a raltyo
segnenbed por ¢ BIRSBHERE AU REV Sk G DR SR ar P Lo SRad, SFRe"
same, an daygt:nal 30pitch which is about twi ce the starting w dth,
first and second cross

if *m” is an even number, removing the first spacers such
that the second spacers remain; or

10
if "m" is an odd number, removing the second spacers such
that the first spacers remain; and
etching the layer to be etched using the remaining spacers as a
15 pattern.
13. The method of claim 12 further comprising:
selecting “m” to be an even number;
20

removing the first spacers such that the second spacers remain;

and

etching the layer to be etched using at least the second spacers as
25 a pattern.

14. The method of claim 13 further comprising:

selecting the desired feature reduction to be 1/2m, where *m” is 2
30 such that the completed feature density is about 4 times the starting
feature density and the completed feature pitch is about % times the

original pitch;



sectional sidewalls, and a starting feature density; sel ecting
a desired feature reduction using the fornula 1/(2m1), where "nm is
an integer greater than or equal to 2 and the conpleted 25 feature
density will be about (2m1) times the starting feature density and
the conpleted feature pitch wll be apout 1/(2m 1) times the original
pitch; 5formng a plurality of first spacers, with one first spacer
formed on each of the first and second sidewalls and each first
spacer having a target wi dth about equal to 1/(2m 1) tinmes the
starting width; renoving the sacrificial patterning |ayer; 10
forming a confdemavirgteedrspIRasers ayeh that WWH%&H"F?"%‘I"-‘WPWQ
spacers; and renoving a portion of the conformal second
spacer layer to forma 15plurality of second spacers on the first
spacers; subsequent to formng the plurality of second spacer

S on the first &pRREIPe 120kf to BE dtEhéd usivigorlyiiRE secdfdepadW stdiea
first spacers such that the second spacers remain; or if ount
is an &dd RAYH®r, renoving the second spacers such that the first
spacers remain; and etching the |ayer to be etched using the

remai ni ng spacers as. a pattern. .
' g 1§). QI'hez methog 05" cFaim 13 further comprising:

selecting the desired feature reduction to be 1/2m where "m"” is an

10 even number greater than or equal to 4,

forming a conformal third spacer layer over the first spacers and on

the second spacers;

15 removing a portion of the conformal third spacer layer to form third

spacers;

forming a conformal fourth spacer layer over the first and second
spacers and on the third spacers;
20
removing a portion of the conformal fourth spacer layer to form

fourth spacers;

removing the third and first spacers and leaving the second and
25 fourth spacers; and

etching the layer to be etched using the second and fourth spacers

as a pattern.
30 16. The method of claim 12 further comprising:

selecting the desired feature reduction to be an odd number;



19. The method of claim 18 further conprising: selecting "m' to be an
even nunber; renoving the first spacers such that the second spacers

remain; 26 etching the layer to be etched using at |east the
second spacers as a pattern. 5 20. The nmethod of claim 19 further
conpri si ng: selecting the desi?4ed feature reduction to be

1/(2m 1), where "nf' is 2 such that the conpleted feature density is
about 3 tinmes the starting feature density and the conpleted feature
pitch is about 1/3 tinmes the 10original pitch; renoving the first
spacers such that the secqond spagcers remajn;. and 15etchin he | ayer
Lo be ot ched USPHEI AT AGPaERoR <8 S4Eb e Jeilenacdrs fnd SBitherhe

met hod of sdcahtsbAckrs:t her conprising: 20sel ecting the desired

feature reduction to be 1/(2m 1), where "nl . is an even nunber

greater than or equal to 4; formng a conformal third spacer

| ayer over the fdeni®ting pae@tienafdherthiddespeeeo tayespaderm;third spacers;
5

removing the second spacers and leaving the first and third

spacers; and

etching the layer to be etched using at least the first and third
10 spacers as a pattern.

17. The method of claim 15 further comprising:

selecting the desired feature reduction to be 1/2m, where “*m” is 3
15 such that the completed feature density is about 6 times the starting
feature density and the completed feature pitch is about 1/6 times the
original pitch; and

etching the layer to be etched using only the first and third spacers
20 as a pattern. '

18. A method used during fabrication of a semiconductor device,

comprising:
25 providing a layer to be etched;

forming a sacrificial patterning layer over the layer to be etched,
wherein the sacrificial patterning layer comprises a plurality of segmented
portions each having a starting width which is about the same, an original
30 pitch which is about twice the starting width, first and second cross

sectional sidewalls, and a starting feature density;

selecting a desired feature reduction using the formula 1/(2m-1),
where *m” is an integer greater than or equal to 2 and the completed



25 renoving a portion of the conformal third spacer layer to
formthird spacers; formng a conformal fourth spacer

| ayer over the first and second 30 spacers and on the third spacers;
renoving a portion of the conformal fourth spacer |ayer to form
fourth spacers; 27 renmoving 4she third and first spacers and
| eavi ng the second and fourth spacers; and etching the

| ayer to be etched using the second and fourth spacers 5as a pattern.

22. The nmethod of claim 18 further conprising: selecting the desired
feature reduction to be an odd nunber; 10 formng a third spacer
| ayer overfeahgefdersitysyilces sbawid(2m-1hémesdbedtapingfaaturedeviihyaed
portion of i dRgih&MVvi ng
Phe. second Spsnplet€u JRRERE BN F bR, QT LbFEIT BRRE fhe S

pltch

5 forming a plurality of first spacers, with one first spacer formed on
each of the first and second sidewalls and each first spacer having a target
width about equal to 1/{2m-1) times the starting width;

removing the sacrificial patterning layer;
10
forming a conformal second spacer layer on the plurality of first

Spacers;

removing a portion of the conformal second spacer layer to form a

15 plurality of second spacers on the first spacers;

subsequent to forming the plurality of second spacers on the first

spacers:

20 if *“'m” is an even number, removing the first spacers such that the

second spacers remain; or

if *m* is an odd number, removing the second spacers such that the

first spacers remain; and

25
etching the layer to be etched using the remaining spacers as a
pattern.
19. The method of c¢laim 18 further comprising:
30

selecting “m” to be an even number;

removing the first spacers such that the second spacers remain;

and



spacers; and etching the | ayer to be etched using at

| east the first and third 20 spacers as a pattern. 23. A nethod used
during fabrication of an electronic system conprising: 25fabricating
a sem conductor device using a nmethod conprising: providing a | ayer
to be etched; 30formng a sacrificialygpatterning |ayer over the |ayer
to be etched, wherein the sacrificial patterning | ayer conprises a
plurality of segnented portions having at |least first and second
cross sectional sidewalls; 28 forming a plurality of sacrificial
first spacers, with one spacer fornmed on each sidewall of each
segnented portion of the sacrificial patterning |ayer; 5renoving the

sacrificial patdwehitighthe IRYEF to be etched using atf lebst B Secvpaf yatets as
second spacer |ayer over the plurality of sacrificial first spacers;
10r enovi ng® R2PEFH+i on of the confornal second spacer |ayer to forma
plurality of second spacers on the sacrificial first spacers;

subsequent_to form ng, the _second . ers, renpving the sacrificial
first q§pac7e9's; me%hog of c?a(fm 99 ?Lﬁ)%ger cbmprgpng: 9

selecting the desired feature reduction to be 1/(2m-1), where *m”

is 2 such that the completed feature density is about 3 times the starting

_ feature density and the completed feature pitch is about 1/3 times the
10 original pitch;

removing the first spacers such that the second spacers remain;

and

15 etching the layer to be etched using only the second spacers as a

pattern.
21. The method of claim 19 further comprising:

20 selecting the desired feature reduction to be 1/(2m-1), where "m"”

is an even number greater than or equal to 4;

forming a conformal third spacer layer over the first spacers and on
the second spacers;
25
removing a portion of the conformal third spacer layer to form third

Spacers;

forming a conformal fourth spacer layer over the first and second

30 spacers and on the third spacers;

removing a portion of the conformal fourth spacer layer to form

fourth spacers;



15 etching the layer to be etched using the second spacers as a
pattern; providing a mcroprocessor; and 20 provi di ng an

el ectrical pathway between the sem conductor device and the

m croprocessor to facilitate el ectrical comrunication therebetween.
25 24. An in-process sem conductor de 5ce, conprising: a layer to be
etched; and an etch mask conprising a plurality of planarized
spacers, at |east two of the spacers of the plurality conprising
different materials, the 30 spacers of the plurality having copl anar

upper surfaces overlying the |ayer to be etched. 29 25. A
sen conduct or dewhdmng coaphirdiang: firat spacdrs cirfdelebuimg hengrdosidragnda

di mensi on whi I S 1/nt|rresa critical dinension of
phOtO|Itth6F ACEHer 8% 0" is an integer greater 5than 2. 26. The

seni conduct or devi ce of cI aim 25, further conprising:
etching the layer to be etched using the second and fourth spacers

5 as a pattern.

22. The method of claim 18 further comprising:

selecting the desired feature reduction to be an odd number;

10 .
forming a third spacer layer over the first spacers and on the
second spacers;
removing a portion of the third spacer layer to form third spacers;
15

removing the second spacers and leaving the first and third

spacers; and

etching the layer to be etched using at least the first and third

20 spacers as a pattern.

23. A method used during fabrication of an electronic system,

comprising:
25 s . . . .
fabricating a semiconductor device using a8 method comprising:
providing a layer to be etched;
30 forming a sacrificial patterning layer over the layer to be

etched, wherein the sacrificial patterning layer comprises a plurality of
segmented portions having at least first and second cross sectional

sidewalls;



the etched feature conprising the dinmension which is 1/n tines a 10
critical dinmension of photolithography, where "n" is an odd integer
greater than or equal to 3. 27. An in-process sem conductor device
conprising: 15 a layer to be etched; and a mask | ayer
overlying the |layer to be etched co?prising a cross section having a
plurality of separate, alternating Tirst and second nmask 20 | ayer
portions, wherein: the first mask | ayer portions each
conprise a single, vertically oriented pillar; and 25the second mask
| ayer portions each conprise a pair of vertically oriented pillars
connected by a hori fonnald 3 pluriaétyt efisasaifroiaitfirst spackds, Wb dne gpaneess

sem conduct or devi ce ,of. ' Lo f .S I ity of
sacrifici P”ES &t E?Chvms'gﬁl'%ﬂergfo C{'\h""'e'JEr %Etg il{y 'gﬁ ds}ggrgl icgfig' I30
spacers i pattgrogeglldyermeen each first and second mask |ayer portion.

5 removing the sacrificial patterning layer;

forming a conformal second spacer layer over the plurality of

sacrificial first spacers;

10 removing a portion of the conformal second spacer layer to

form a plurality of second spacers on the sacrificial first spacers;

subsequent to forming the second spacers, removing the
sacrificial first spacers; and

15
etching the layer to be etched using the second spacers as a

pattern;

providing a microprocessor; and
20
providing an electrical pathway between the semiconductor device
and the microprocessor to facilitate electrical communication

therebetween.

25 24. An in-process semiconductor device, comprising:
a layer to be etched; and

an etch mask comprising a plurality of planarized spacers, at least
two of the spacers of the plurality comprising different materials, the
0 ,
3 spacers of the plurality having coplanar upper surfaces overlying the layer

to be etched.
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25. A semiconductor device, comprising:

an etched feature comprising a dimension which is 1/n times a
critical dimension of photolithography, where “n” is an integer greater
than 2.

26.  The semiconductor device of claim 25, further comprising:

the etched feature comprising the dimension which is 1/n times a
critical dimension of photolithography, where “n” is an odd integer greater
than or equal to 3.

27.  An in-process semiconductor device comprising:
a layer to be etched; and

a mask layer overlying the layer to be etched comprising a cross
section having a plurality of separate, alternating first and second mask
layer portions, wherein:

the first mask layer portions each comprise a single, vertically
oriented piilar; and

the second mask layer portions each comprise a pair of

vertically oriented pillars connected by a horizontally oriented segment.

28. The in-process semiconductor device of claim 27, further comprising
a plurality of sacrificial spacers, with one of the plurality of sacrificial

spacers interposed between each first and second mask layer portion.



