.-1- BACKGROUND OF THE | NVENTI ON METHOD FOR FORM NG RESI DUE FREE PATTERNED
CONDUCTOR LAYERS UPON HI GH STEP HEI GHT | NTEGRATED Cl RCUI T .SUBSTRATES 1.
‘Field of the Invention The present invention rel ates genéq ¥ g ne hods
for form ng patterned conductor layers within integrated c ui ts
particularly, the present invention relates to nethods for fornﬂp@ rb5| due
free patterned conductor |ayers upon high step height integrate cuit
substrates. 2. Description of the Related Art As integrated circuit
technol ogy progresses towards increasingly higher Ievels of integration,
conductor |ine-w dths and conduct or Ispaci ngs within advanced integrated
circuits have becone increasingly smaller while the aspect ratios of those
conductor |ines have |ncre§§€GGRoqN@ &Ed?ﬂ$cﬁﬂﬁﬁ§ﬂéﬁﬁra0terlstlcs whi ch

rel at e JUETHOD| EOR: BORMING SRESIDUR) FRER RATHRER : Gh St H HiAaRced
integrated circuits, it i Sn&tm mmmmn:hanmmdsunsmmm t h| n advanced

i ntegrated, Ci r;glhlSqflEhd FniB n substrate | ayers which have significant
t opographi ¢ vari ati ons suc as substantial step height differentials. The
sum of these factors

The present invention relates generally to methods for
forhing patterned conductor layers within integrated circuits.
More particularly, the present invention relates to methods for
forming residue free patterned conductor layers upon high step

height integrated circuit substrates.
2. Description of the Related Art

As integrated circuit technology progresses towards
increasingly higher levels of integration, conductor line-widths
and conductor spacings within advanced integrated circuits'have
become increasingly smaller while the aspect ratios of those
conductor lines have increased. In addition to characteristics
which relate directly to the size and spacing of conductors within
advanced integrated circuits, it is also common that conductors
within advanced integrated circuits are formed upon substrate
layers which have significant topographic variations such as

substantial step height differentials. The sum of these factors



-2- often inpedes production of fully functional and reliable patterned
conductor layers within advanced integrated circuits. One of the nore
=common defects which occurs when photolithographically form ng patterned
conductor | ayers upon high step height integrated circuit substrates is the
si nul t-aneous formation of undesirabl.eagconductor |ayer residues at |ower

Tayer rosiShen 2pgedoR BEoRlER LT eI ehhpe e MRS LAIIE papusl

i nt egr at eccariduRitol LAyerDRrithaaNREeatcet Ghitegrated heidhaniset conduct or
| ayers fromwhich are fornmed the patterned conductor |ayers. The presence

of conductor |ayer residues at |ower step levels within high step hei ght

integrated circuits may lead to electrical shorts and bridging within

advanced i nt egr at ed®Bfr Qf t $heA MIRgRFOMPOR s GRS eWirich o PEFETE oHIRR Or

| ayer resi &S f.rom | ower sltlgrogl evel s throu nmoy e . vi gor ous et chi ny hof
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etching will typically su antialTy erode or otherw se damage e edges of
t he patt er fiathatGRGUEO unday £FalSXd OsariuedeallAyer residues at lower step
levels within those integrated circuits. The undesirable conductor
layer residues are typically formed at the lower step levels of the
integrated circuit through incomplete etching of the blanket
conductor layers from which are formed the patterned conductor
layers. The presence of conductor layer residues at lower step

levels within high step height integrated circuits may lead to

electrical shorts and bridging within advanced integrated circuits.

Although it 1is possible to remove conductor layer
residues from lower step levels through a more vigorous etching of
the blanket conductor layer from which is simultaneously formed the
patterned conductor layer and the conductor layer residues, such
additional etching will typically substantially erode or otherwise
damage the edges of the patterned conductor layer exposed beneath
a photoresist etch mask while simultaneously removing the conductor
layer residues. Thus, the present invention is directed towards
the goal of removing un_desired conductor layer residues from lower

step 1levels within high step height integrated circuits while



a photoresist etch mask while sinultaneously renoving the conductor |ayer
resi dues. Thus, the present invention is directed towards the goal of

£ enovi ng undesired conductor |ayer residues fromlower step levels within
hi gh step height integrated circuits while -3- sinul taneously

mai ntaining the integrity of the pattetmed conductor |ayers which are

formed si b4 @NSOSIL 1l AU ARG MG Qe GYBLy ESHUIBE ccbBRORLanabBESOh

whi ch patterne I nt egra Ircults may be protected
from deteripgyesd Oph LB 41 FIRRd il 1tahesliAleQrith Gitiel cRnAQesst NBayer
operations are known in the art. For exanple, Beitman, in U S. Patent
4,795, 718 desitdwses a nethod for manufacturing an Insulated Gate Field

Ef fect Transistor (1 GFET) having self-aligned source/drain contact regions.
The nethod enploys formng a low nelting point dielectric | ayer over the
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el ectrode. _
exposure to integrated circuit processing operations are Known in

the art. For example, Beitman, in U.S. Patent 4,795,718 discloses
a method for manufacturing an Insulated Gate Field Effect
Transistor (IGFET) having self-aligned source/drain contact
regions. The method employs forming a low melting point dielectric
layer over the gate electrode of the IGFET device and heating the
dielectric until it covers and encapsulates the gate electrode of
the IGFET. The self-aligned source/drain contacts may then be

formed without shorting to the gate electrode.

Although not directed towards the goal of encapsulating
delicate integrated circuit features, Mitsuaki et al., in U.S.
Patent 4,981,809 describe a related method for forming fine mask
patterns for use in producing advanced transistors. The method
employs a patterned photoresist layer formed and subsequently
annealed upon a semiconductor substrate. The annealing process
reflows the patterned photoresist layer and forms smaller openings
within the photoresist pattern. The smaller openings yield a fine

mask pattern which is useful in forming advanced transistors.



Al t hough not directed towards the goal of encapsul ating delicate integrated
circuit features, Mtsuaki et al., in US Patent 4,981, 809 describe a
:related nethod for formng fine nask patterns for use in produci ng advanced
transi stors. The nethod enpl oys a patterned photoresist-layer fornmed and
subsequent |y anneal ed upon a sem conductor substrate. The annealing
process reflows the patterned photore§i%f‘|ayer and forms .snmal | er openi ngs
wi thin the photoresist pattern. The snaller openings yield a fine nask

pattern which is usifallly,n Sueigy nih agysdncpatén@nsi, 3Y0[625 desdribesnaaly,
Sung, in U S Patent 5,371,025 describes a nethod for making Thin Film
Transi st ®e$hedrfor makinge ThilnhiFilibi Guads Csystsl (TIBpl afer (GSDsyitiie

met hod eg&loxa a Eatterned phot oresi st. | ayer formed upon a gate el ectrode,
whi ch patt8Ph8dCphetaY deisplaygy dLCPS) supTReLBAERQA t9RlexS| ¢ PAHEEERRA t o
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mask which prevents channel overlap between the gate electrode and
the source/drain electrodes of the Thin Film Transistor (TFT).
Thin Film Transistors (TFTs) which have limited channel overlap

exhibit a'higher signal to noise ratio. Thus, they produce higher

quality Liquid Crystal Displays (LCDs).

Desirable in the art is a method analogous to the above
disclosed methods whereby thermal reflow properties of integrated
circuit fabrication materials may be employed to agssist in removing
from high step height integrated circuits upon which have been
formed patterned conductor layers conductor residue layers which

are simultaneously formed upon lower step levels of those

integrated circuits.

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a

method for forming residue free patterned conductor layers upon



quality Liquid Crystal Displays (LCDs). Desirable in the art is a method
anal ogous to the above discl osed net hods whereby thermal reflow properties
.of integrated circuit fabrication materials nmay be enployed to assist in
removi ng from high step height integrated circuits upon which have been
formed patterned conductor |ayers conduttor residue |ayers which are

simul tan y fQrnmed on | ower step |evel s of .those.intedgrated i Its.
SUMVARY FHL S @%“%‘?i ré‘f‘_tSBf%c o cgﬁg“b{;eseﬁb#ﬁ%&ﬁ?i’on it
provi de asmifeaikemhg%ﬂd&iﬁ%ﬁg due (KRNI SF el SO cbAd@ oripOn
5- high step hei ght | nt egrat ed circuit substrat es, whi | e
si mul t anedapens stai ntaining the integrity of the patterned conductor |ayers.
A second object of the present invention is to provide a nethod in accord
with the first object of the present invention, which nethod is al so
manuf acturable. A third object of the present invention is to provide a
. ..A second object of the present invention is to provide a
method in' accord with the first object of the present invention,

which method is also manufacturable.

A third object of the present invention is to provide a
method in accord with the first object of the present invention and
the second object of the present invention which method is also

economical.

In accord with the objects of the present invention, a
new method for providing a residue free patterned conductor layer
upon a high step height integrated circuit substrate is provided.
To practice the method of the present invention, there is first
provided a high step height integrated circuit substrate. Upon the
high step height integrated circuit substrate is formed a blanket
conductor layer, and upon the blanket conductor layer is formed a
patterned photoresist layer. By means of an anisotropic etch, the
portions of the blanket conductor layer exposed through the
patterned photoresist layer are etched to leave remaining a
patterned conductor layer and undesired conductor residue layers.

The undesired conductor residue layers reside at lower step levels



met hod in accord with the first object of the present invention and t
second obj ect of the present invention which nethod is al so econom ca
.accord w
providing a residue free patterned conductor |ayer upon a high step h
integrated circuit substrate is prevéded. To practice the nethod of the

present i
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| ayers reside at |ower step |levels -6- of the high step height
i nt egr at dehtegratedicimuiist sabstrate Tne reMavednblirohgh aredisstropimetch t hen
ref Iowed to cover exposed edges of the patterned conductor | ayer.

Finally,

RER&eS8nduct or | ayer

The method of the present invention provides residue free
patterned conductor layers upon high step height integrated circuit
substrates, while simultaneously maintaining the integrity of those
patterned conductor layers. The method of the present invention
provides a patterned photoresist layer, which after having been
employed as an etch mask for anisotropic etching of a blanket
conductor layer into a patterned conductor layer (upon a high step
height integrated circuit substrate) and conductor layer residues
(within lower step levels of the high step height integrated
circuit substrate) is reflowed to cover the edges of the patterned
conductor layer exposed beneath the patterned photoresist layer.
After the exposed edges of the patterned conductor layer have been
covered with the reflowed patterned photoresist layer, undesired
conductor layer residues are removed through an isotropic etch
process. By reflowing the patterned photoresist layer to cover the
exposed edges of the anisotropically etched patterned conductor
layer, those exposed edges are protected from the isotropic etch

Process through which undesired conductor layer residues are



"residues within the lower step levels of the high step height integrated
circuit substrate are renoved through an isotropic etch process. The nethod
_of the present invention provides residue free patterned conductor |ayers
upon high step height integrated circuit substrates, while simultaneously
mai ntaining the integrity of those patterned conductor |ayers. The nethod
of the present invention provides a~patterned photoresist |ayer, which

ofer nevkagebesn oo WS S5ua ELED TRSKIL oo rLD! ke LEP pRigles

bl anket co ayer into a patt conductor Tayer (upo

hei ght i niagsgt Ak LCidicki it Sstbsdtraie@) and conductor |ayer residues (within
| oner step levels of the high step height integrated circuit substrate) is
refl owed to cover the edges of the patterned conductor |ayer exposed
beneath the patterned photoresist layer. After the exposed edges of the
patterned conduct oTheay&ethade BEentleyvePressht h ineentdprondg paeadihed
phot or esi

st _|ayer desired condyctor, . | ayer residues. are renmpved thyough
an i sot roB?B“g%%*Hi gc?ess'?h%ﬁ'eﬁgf’#o‘(’/\foﬁ&e_t ﬁge 20t NEREAAB TFBYEEE PRVEr to
cover the,exposfsh E‘%&ﬂgwoéréé@s@%é%héogé?@ééﬂé g;%ﬁ%g pajLerngA capguct or
| ayer, those exposed edgeS are protecte romt |sofrop|c etch process
t hrough wehehpate@sid® pheeoedsiof 1) hagSbdefiSedpfoyed in forming the
anisotropically etched patterned conductor layer and conductor
layer residues. Methods through which patterned photoresist layers
may be reflowed are well known in the art. Such methods are

readily manufacturable.

The method of the present invention is economical. The
process by which patterned photoresist layers may be reflowed to
cover edges of patterned conductor layers exposed through those
patterned photoresist layers are known in the art. In addition to

being readily manufacturable, such methods are also economical.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings, which form a material part of

this disclosure, show the following:

Fig. 1a to Fig. l1le show a series of cross-sectional



-7- renmoved fromthe |lower step levels of the high step height integrated
circuit substrate. The nethod of the present invention is readily
~manufacturable. The nethod of the present invention requires only a thermnal
refl ow process of the patterned photoresist |ayer after the patterned

phot oresi st | ayer has been enpl oyed i n=f®rmi ng the ani sotropically etched

patterned Gopdibed di@é@ﬁmgr%faanli(ihgf_ﬁii?é/ %’roib%ékgi@é-s%eréogﬁ E it

whi ch patterned photorésist layers nay be réef I"'owed are we nown 1 nthe

art. Sucltheet éoiiuen fe et cpait tarnedngbadtcicabl1ayethet neiddiret phergrmsent

i nvention is econonical. The process by which patterned photoresist |ayers
may be ref EBRedinent efethedpresastt gaventimt conduct or | ayers exposed

t hrough t hose patterned photoresist |ayers are known in the art. In
addition to being readily manufacturable, such nethods are al so economi cal.

BRI EF DESCRI PTI ON Ok,.THE W The_f h WL n rawi ngs, which form

mat eri al part of thiFsl-g;i S%Rg%oure,g'shgsv ? J(’a‘gf 81 %g\%a.ﬁa: O%;sgc.mlsas tsgc%l'cg’fa e

show a serisehefat f¢ QERYTRAL | YHEh illustrate progressive stages in forming
the residue free patterned conductor layer of the second preferred

embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a method for forming a
residue free patterned conductor layer upon a high step height
integrated circuit substrate, while simultaneously preserving the
integrity of that patterned conductor layer. The method of the
present invention provides a patterned photoresist layer through
which an underlying blanket conductor layer is patterned into a
patterned conductor layer and conductor layer residues. After the
patterned conductor layer and conductor layer residues are formed
through an anisotropic etch process, the patterned photoresist
layer is reflowed to cover the edges of the patterned conductor
layer exposed beneath the patterned photoresist layer. After the
exposed edges of the patterned conductor layer have been covered

with the reflowed patterned photoresist layer, the conductor layer



- -8- schematic diagrans which illustrate progressive stages in formng the
residue free patterned conductor |ayer of the first preferred enbodi nent of
the present invention. Fig. 2a to Fig. 2e show a series of cross-sectional

" schematic diagrams which illustrate progressive stages in fornming the
residue free patterned conductor |ayer. of the second preferred enbodi nent
of the present invention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
The pr esentesiiies: i ormgdovtdcowermestiepd ¥avelsorah nthen high datep r eight
patterned £ nductor, | ayer, upon a high st hei %ht integrated circuit

0
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conduct or é@é{prpro‘ggﬁs[ret hod of the present invention provides a patterned
phot oresi st | ayer through which an underlying bl anket conductor |ayer is
patterned into a patterned conductor |ayer and conductor |ayer residues.
After the patterned conductor |ayer and conductor |ayer residues are forned
t hrough an ani sot r ophe priesknpriovent ioh kayphe tprased cRlQigyre ahfthilghySteg S
refl owed to cover the edges of the patterned conductor
height integrated circuit substrate of sufficiently high step
height such that conductor layer residues are routinely formed when
blanket conductor layers upon the high step height integrated
circuit substrate are patterned into patterned conductor layers
when employing an anisotropic etch process and a patterned
photoresist etch mask. The method of the present invention may be
employed in integrated circuits including but not limited to Static
Random Access Memory (SRAM) integrated circuits, Dynamic Random
Access Memory (DRAM) integrated circuits, Application Specific
Integrated Circuits (ASICs), integrated circuits having within
their fabrications field effect transistors and integrated circuits
having within their constructions bipolar transistors. The method
of the present invention has broad applicability within integrated

circuit fabrication.

Referring now to Fig. la to Fig. le there is shown a
series of cross-sectional schematic diagrams illustrating
progressive stages in forming the residue free patterned conductor
layer of the first preferred embodiment of the present invention.

The first preferred embodiment of the present invention illustrates



" layer exposed beneath the patterned photoresist |ayer. After the exposed

edges of

the patterned conductor |ayer have been covered with the ref

| owed

. patterned photoresist |ayer, the conductor |ayer -9- residues forned at
ep levels of the high step height integrated circuit substrate nmay
be renoved through an isotropic etchgrocess. The present invention nay be
practiced upon any high step height Integrated circuit substrate of
suffici ebhéy dergradt epnbegddedsuchirthit cirdettioe |wyere r @si gaeserxmed
y formed when bl anket conductor |ayers upon the high step height

i nt egr at €eNERetan tlaygpsisaferned ypen: &hRe8Urface mf tehich &68BuUBEHINY ayers

| ower st
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circuits
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i nt egr at pdeseéntuinvention.

Shown in Fig. 1la is a substrate layer 10, upon whose
surface is formed a pair of high step height patterned integrated
circuit layers 12a and 12b. The substrate layer 10 may be
comprised of layers including but not limited to insulator layers;
conductors layers; semiconductor 1layers; and, composites of
insulator layers, conductor layers and semiconductor layers.
Practice of the present invention provides most value when the step
height, H, is substantial in comparison with conventional
integrated circuits. Preferably, the step height, H, is at least
about 1000 angstroms. Less significant in the practice of the
present invention are the individual widths, W, of the high step
height patterned integrated circuits layers 12a and 12b, and the
distance, D, separating those layers. Typically the widths, W, of
the high step height patterned integrated circuit layers 12a and
12b are greater than about 5000 angstroms each, and the distance,

D, separating those 1ayers is at least about 2000 angstroms.

The high step height patterned integrated circuit layers



- having within their constructions bipolar transistors. The nethod of the
present invention has broad applicability within integrated circuit
fabrication. Referring nowto Fig. lato Fig. le there is shown a series

- of cross-sectional schematic di agr ans illustrating progressive
stages in formng the residue free patterned conductor |ayer of the first
preferred enbodi nent of the present_ gpvention. The first preferred
enmbodi nent, .of th esent invention_illustrates. . - 10 - .the, general
Tt egr at ed 21 4R « 128 BoH S SOTE of Bed NEGREAEES: CLEGUL; do¥ B fred
upon the syyhaaensf | ej | at LLcyy I .
Shown in Fig. F38igégqﬁgggé%ﬁgggt#ggéﬁdégﬁggkagggeg%ég#%%%f Eiﬁgggfﬁg t he

hi gh step Jepiigbhdiot®Ir alLfrei; M CHhE, SWpodlieed! 826l ¥oddO&Y OfiaReagtice
of the present invention. 'Shown in Fig. la is a substrate |ayer 10, upon
whose sur fijsaliasofolapersa anadrsealfidongncsdeplagegiht patt dsnedchpoptage aisd
circuit layers 12a and 12b. The substrate layer 10 may be conprised
of | ayers RuRGtdGrPneL bkhe mnesenti intentdopnthatattdre |sapstsate layer 10 and

the high step height patterned integrated circuit layers 12a and
12b be formed of materials, or composites of materials, which have
a low etch selectivity to the anisotropic and iéotropic etch
processes to which those layers will subsequently be exposed. It
is also important ﬁo the present invention that the sidewalls of
the high step height patterned integrated circuit layers 12a and
12b be substantially vertical, preferably with no undercutting, and
preferably with angle ©, as illustrated in Fig. la, from about 85
to about 95 degrees with respect to the plane of the substrate

layer.

Also shown in Fig. la is a blanket conductor layer 14.
The blanket conductor layer 14 may be formed of several conductive
materials, including but not limited to metals, metal alloys, metal
silicides, metal nitrides, doped polysilicon and polycides
(polysilicon/metal silicide stacks). The blanket conductor layer
14 may be deposited and formed through methods as are conventiocnal
in the art, including but not limited to thermal evaporation
methods, Chemical Vapor Deposition (CVD) methods, Physical Vapor

Deposition (PVD) sputtering methods, Plasma Enhanced Chemical Vapor



" conductors | ayers; sem conductor |ayers; and, conposites of insulator
| ayers, conductor layers and sem conductor |ayers. Practice of the
_ present invention provides nost val ue when the step height, H, is
substantial in conparison with conventional integrated circuits.
Preferably, the step height, H is at |east about 1000 angstrons. Less
significant in the practice of the preé%nt I nvention are the individual

w dths, W of the hi?h step height patterned integrated circuits |ayers 12a
and 12b, BABCshelan s{BREW) Dmesbods afPfg Randde Themmal Aypeaking {RER)

and 13b aPBCIR o YNGR R0 oS OOCRIEER R PG BHeRby IRAEFahtEo D

separati ng 4t hgs An?ya%oﬁti 286“{'4 eaq:%hta;gebué grpé)s(\l‘fgﬂ‘gs't rons. The high step

;
hei ght patterned 1 ntegrat crrcult layers a and 12b may al so be
formed of integrated circuit layers including but not limted to conductor
| ayers; insulator |ayers; sem conductor |ayers; and, conposites of
conductor |ayers, iFinalayor dhayer sisanshser twnéigt onal ayley spresdrce sof

i mportant in practice of the present invention that the substrate |ayer 10
and the hiPgktsreed haphptonssistr nbayens edbat eand réb¢ | ayires pPagtareed

photoresist layers 16a and 16b may be formed from any of several
photoresists including but not limited to novolak, Poly-Methyl-
Meth-Acrylate (PMMA) and chemically amplifying photoresists.
Analogously to the substrate layer 10 and the high step height
patterned integrated circuit layers 12a and 12b, it is important to-
the present invention that the photoresist from which is formed the
patterned photoresist layers 16a and 16b be a photoresist that is
not susceptible to degradation through exposure to the anisotropic
and isotropic etch processes through which the blanket conductor
layer 14 will be etched. It is also important to the present
invention that the patterned photoresist layers 16a and 16b be
readily reflowable and that the patterned photoresist layers 1l1l6a
and 16b be of sufficient thickness when reflowed to cover exposed
edges of etched portions of the blanket conductor layer 14.
Preferably, the patterned photoresist layers 16a and 16b are from

about 4000 to about 30000 angstroms thick each.

Referring now to Fig. 1b, there is shown a cross-

sectional schematic déiagram illustrating the results of the next



- 12b be fornmed of materials, or conposites of materials, which have a | ow
etch selectivity to the anisotropic and isotropic etch processes to which
those |l ayers will subsequently be exposed. It is also inportant to the

" present invention that the sidewalls of.the high step height patterned
integrated circuit layers 12a and 12b be substantially vertical, preferably
with no unBEPeeRs i atep and phef diabty puefereed)| embadinentasof | thst paésshd n
Fig. la, from e&b,out 85 to about_ 95 degrees with respect to the plane of the
substrate FRYEPEIOG-so SHRAh im Yy, 1P; iiss thepandisetrepieiueterinmyrs the The

bl anket co r layer 14 be f.ornmpd qQf several caqonductive materials,
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nitrides, doR@SHHY YViSiJalrGO n o] i d ( ysilicaon/metal. sjilicjde
stacks). The bl anket]'sti _S'rzf uc 4_gr qfxgyg)r‘gﬂgﬁ%y&g%_‘?i'gi{oeosslirtegd cgﬁauf Prred 4 Hr ough
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t hermal evapaorati on nethods, Chem cal Vapor Deposition (CVD) nethods,

Physi cal VHp8ertaissi tihmougRVDprngpuanisetupmiet hetsh PpassesEnhanied is
Chemi cal VaBor - 12 - '
appropriate to the blanket conductor layer 14. Typically, the
anisotropic etch process will be an Reactive ion Etch (RIE)
anisotropic etch process employing an etchant gas appropriate to

the material from which is formed the blanket conductor layer 14.

The undesired conductor layer residues 14a, 14c, 144 and
14f result from the substantial vertical height of the blanket
conductor layer 14 adjoining the sidewalls of the high step height
patterned integrated circuit layers 12a and 12b. Although it is
possible to remove the conductor layer residues l4a, 14c, 144 and
14f through continued anisotropic etching of those residues, the
eXposed edges of the patterned conductor layers 14b and 14e will
typically be eroded or otherwise deteriorated under continued
anisotropic étching conditions. 1If allowed to remain within the
integrated circuit within which they are formed, the conductor
layer residues 14a, 14c, 14d and 14f pi‘ovide conductive pathways

and bridges which manifest as functionality or reliability defects.

Referring now to Fig. lc there is shown a cross-sectional



* Deposition (PECVD) nethods and Rapid Thermal Annealing (RTA) nethods.
Typically, the thickness of the blanket conductor |ayer 14 is from about

. 200 to about 4000 angstrons. Finally, there is shown in Fig. la the
presence of patterned photoresist dliéers 16a and 16b. The

patterned photoresist |ayers 16a an

phot oresi sts including but not limted to novol ak, Poly-Met hyl -
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exposure 1gyéfie 864 SQhdOREE 280 foral MY Créf1oedl GeRTeehelinpRugbradish t he
bl anket conductor |ayer 14 will be etched. It is also inportant to the

pr esent

i heperts ob6d 'hatnd Hebpat t aknéd phpootast sto | themrebéataidvesbide
readily refl owabl e and that the patterned photoresi st

of suffictadt the ckeblovedh@atiternedephebrresist dR¥658d1680e3ndf 18R cRYY
ti f .the. bl ket t I 14. P bl th {

bhot or esi SeeFASREIEERfeES Hovedt Bhe i 5500 BELERER=SOBB8-4885 oms

thick eachay&ef effl NghdOWd O ddsPeckBveider emié SAMLL LrRfions under

which the reflowing of patterned photoresist layers 16a and 16b is
accomplished will vary depending upon parameters including but not
limited to the chemical composition of the patterned photoresist
layers 16a and 16b, the thickness of the patterned photoresist
layers 16a and 16b, and the thickness of the patterned conductor
layers 14b and 14e. Typically, the patterned photoresist layers
l6a and 16b will be reflowed at a ﬁemperature of about 150 to about

250 degrees centigrade.

Referring now to Fig. 14, there is shown a cross-
sectional schematic diagram illustrating the results of the next
process step in forming the first preferred embodiment of the
present invention. Shown in Fig. 1d is the removal of the
conductor layer residues 14a, l4c, 144 and 14f from the sidewalls
of the high step height patterned integrated circuit layers 12a and
12b. The removal of the conductor layer residues 14a, l4c, 144 and

14f is accomplished through an isotropic etch process. Isotropic

| ayers 16a_and 16b be



“sectional schematic diagramillustrating the results of the next - 13-
process step in the first preferred enbodi nent of the present invention.
.Shown in Fig. Ib is the anisotropic etehing of the blanket conductor |ayer
14 to |l eave remaining the patterned conductor |ayers 14b and 14e, and the
undesi red conductor |ayer residues 14a,1514c, 14d and 14f. The ani sotropic
etching may be undertaken through any ani sotropic etch process which is
appr opr i at®¥choPrIResfesnree tysagatlnr alipepgh pot exghueivgly weheheieadr opi c

tch i1l b ti ' Et Rl E | saf. I, t

ool oyl g SHRoPERETRe G e RO T LR RPEPT &R Ttk TS e o

t he bl ank 3 I : | rad | 14a,
e, 140 Sem oA eeln PEELret o PO, KSR pEORPLE S erk BTebE N KR i

conduct or pragent 14ndeh©idt "tHeha svitdopat| teh precddOhiStLprdiei dtmical
patterned integrated circuit |layers 12a and 12b. Although it is possible to
renove t hetcbngnecess lappeopr tatel ks thédacondpbsitidd afidtheticonluctoph lagetri nued
ani sotropi c etching of those residues, the exposed edges of the patterned
conduct or qgg}gp55| Qndt4e *Af| and 14f. owever, for semiconductor

features in the sub-micron range a highly selective isotropic

plasma etch is also desirable.

Referring now to Fig. 1l1le, there is shown a cross-
sectional schematic diagram which illustrates the last process step
in the first preferred embodiment of the present invention. Shown
in Fig. le is the removal of the reflowed patterned photoresist
layers 16a' and 16b'. Methods through which reflowed patterngd
photoresist layers may be removed are known in the art. Such
methods include but are not limited to wet chemical etch methods
employing suitable solvents and dry plasma etch methods typically
employing oxygen containing plasmas. For the first preferred
embodiment of the present invention, the reflowed patterned

' photoresist layers 16a' and 16b' are preferably removed through a
dry plasma etch process employing an oxygen containing plasma, as

is common in the art.

Upon removing the reflowed patterned photoresist layers

16a’ and 16b' there is formed the residue free patterned conductor



"typically be eroded or otherw se deteriorated under continued ani sotropic
etching conditions. If allowed to remain within the integrated circuit
.within which they are formed, the conductor |ayer residues 14a, 1l4c, 14d
and 14f provide conductive pathways and bridges which nmanifest as
functionality or reliability defects- Heferring nowto Fig. 1c there is
shown a cross-sectional - 14 - schematic diagramwhich illustrates the
resul ts ofayers ddkt apd ddesof sthep filpst Rrafersedppiadimeatefd JNTBRESSRT t he
present invention. Shown in Fig. 1c jis.,the ref lowng af th

phot or esi SEVERASY YRS AR ¥8h fEF?o$ﬁ+?¢ke+%ﬁ?3§ﬁ§§gp§Pf3Pﬁgd%gh%§%$§£ist
layers 16g, ; | fieli RO S ftMe Ardal e L PUEDE | Yy ekBaiag he
ref | owed ggfltﬂ%?r?éfgnﬁﬁ%t%ée s?isetlgﬁgfgersewa' and&iG ' g su‘? iclfygr?tly r ef

lowed to gagefzs he dgesn@ictdie RFerersefatanduct on4bayeid abdb 1a8dnhdve,
respectively. The process conditions under which the refl ow ng of

patt er nedbplnt venasiest firametise 1Gaweandtéfblevehcdidephilibedf vikid highystep
dependi ng_upon paraneters including but not linmted to the chemical .
conposi t | BRLERt { RatharRed ndatpBR b sFETC iy cldYarh 43 AOY 4R WRilkness

of the pa%&ﬁﬁ?@&kégﬁgf%rS%égérving the integrity of the patterned conductor

layers 14b and 14e.

Having illustrated the first preferred embodiment of the
present invention which derives from the general integrated circuit
structure where a patterned conductor layer is formed upon the
surface of a high step height integrated circuit substrate, a
second preferred embodiment of the present invention will also be
disclosed. The second preferred embodiment of the present
invention derives from a more specific integrated circuit structure
where a patterned conductor layer is formed upon the surface of a
high step height integrated circuit substrate which contains field
effect transistors or other integrated circuit devices formed
therein and there-upon. The upper surfaces of the field effect
transistors or other integrated circuit devices form the high step
within the high step height integrated circuit substrate of the
second preferred embodiment of the present invention. Lower levels
of the field effect transistors or other integrated circuit devices

form the lower step levels of the high step height integrated



“layers 16a and 16b, and the thickness of the patterned conductor |ayers 14b
and 14e. Typically, the patterned photoresist |ayers 16a and 16b will be
_reflowed at a tenperature of about 150 to about 250 degrees centi grade.
Referring nowto Fig. 1d, there is shown a cross- sectional schematic
diagramillustrating the results of th&' nmext process step in fornming the

first f d ' t of th .l tion.,. h in Fig. . 1d

Lhe: T ooV AR -BALE AUREBRALE I hayRe o PATER Sk niaainat SAnthd A <BeBh (e
id Ils; i gh ' tes; Lnt [ Lol 12

and 120, HReePEERNL" of TR, ShgraREn’ RS SRLEE50 o4 khe  BESRRET 01

I s acconplpreffedrédr emgd Aients & AUbleC pRe6BnP Q6B idS0ld 0Pl XustratedSby etch
processes are typically, although not exclusively wet chem cal etch

pr ocesses retiethnpeste Figxeel ter@igper2esability into intricate sem conductor
features. For the first preferred enbodi nent of the present invention, the
I sotropic etch process is a wet chem cal etch process appropriate to the

conposi tion of {he gandugtor, | ayer Togdues, 442 o d06e U ol Vina

within whose surface are formed isolation regions 32a and 32b which
define the active region of the semiconductor substrate 30. Within
the active region of the semiconductor substrate 30 is formed a

pair of field effect transistors.

The semiconductor substrate 30 upon which is practiced
the second preferred embodiment of the present invention may be
formed with either dopant polarity, any dopant concentration and
any crystallographic orientation. Typically, the semiconductor
substrate 30 upon which is practiced the second preferred
embodiment of the present invention is a (100) silicon
semiconductor substrate of N- or P- polarity. In general,
isolation regions within and/or upon semiconductor substrates may
be formed through methods including but not limited to selective
thermal oxidation methods and selective oxide deposition/patterning
methods. For the second preferred embodiment of the present
invention, the isolation regions 32a and 32b are preferably formed
thrqugh thermal oxidation of portions of the semiconductor

substrate 30 exposed through a suitable mask to form isolation



features in the sub-mcron range a highly selective isotropic plasma etch
Is also desirable. Referring nowto Fig. le, there is shown a cross-
.sectional schematic diagramwhich illustrates the | ast process step in the
first preferred enbodi ment of the present jgwvention. Shown in Fig. le is
the renoval of the ref | owed patterned photoresist |layers 16a' and 16b'.

Met hods t hrough .ch _ref_Jowe t.t erned. photoresi st |ayers may be renoved
are known %ﬁg%bﬂ§%3%ﬁ angs&%ﬂ %gfﬁ§d§°Pn%¥ﬁ € but are not limted to wet

chem cal etch nethods enploying suitable solvents and dry plasma etch
met hods typically enpl oyi ng oxygen contai ni ng pl asnas. For the first

preferred enbodi mentrhef palie pEESEE1d | ehfRtti eRansDetd e | M¥aRkdPatitRinethe
phot oresi st | ayers 16a'" and 16b' are preferably renoved through a dry

pl asma et cAchive esrgimmiodyithg asmbsgniuctornsubstratel s mre aomprisednoh in
the art. Upon renoving the refl owed patterned photoresist |layers 16a' and
16b' t her e9pEef SxAEES t R4ar @3dd Fdbr ruROM Hhighn apsd@gdudiaspectively, - Ipdsers

14b and 14818I:t1§£'<¥esf i3r6§t ax% e.ifG%r.rePn %Egggg.gr? Qto ?.Letggt ro?{iggts 34a and 34b

and the gate electrodes 36a and 36b, the pair of field effect
transistors also include the source/drain electrodes 38a, 38b and
38c, and the insulator spacers 40a, 40b, 40c and 40d. The methods
and materials through which all of the above noted field effect
transistor components may be formed within or upon the

semiconductor substrate 30 are conventional to the art.

- For example, gate oxides may be formed through methods
including but not limited to thermal oxidation methods whereby
portions of semiconductor substrates are consumed to form gate
oxides, and oxide deposition methods whereby gate oxides are formed
from independently deposited and patterned gate oxide materials.
Gate electrodes are typically but not exclusively formed via
patterning through methods as are conventional in the art of
blanket layers of highly conductive materials such as metals, metal
alloys, highly doped polysilicon and ©polycides (metal
silicide/polysilicon stacks). As is conventional in the art,
source drain electrodes are typically formed through ion implanting

suitable dopant species. into the surface of a semiconductor



“invention upon a high step height integrated circuit substrate fornmed of
hi gh step height patterned integrated circuit |layers 12a and 12b. The
_conductor layer residues 14a, 14c, 14d and 14f have been renoved fromthe

| ower step |evel sidewalls of the high step height patterned integrated
circuit layers 12a and 12b while sinul ta¥feously preserving the integrity of

th tt d duct 'S 14b and l1l4e. Havi |l lustrated. t first
or ot br 1 e BREBHAnt T OraT iy SRECLRCY ROBNET D inF AP ECPr RERUSR

Pore ) ShEREHSAL LN Y LR Y T SLIRE SOROUE et

formed up ace o g egra Crrcurt substrate,

a second Bbemed bnesbRikdRIMctel s taRecairf 4Bl i e Wnkh1atsP shacer
di scl osed. The second preferred enbodinent of the present

i nvent i onmdter yaks fimmiudenbut apegiofti ¢ imatedrtd ed ldicoauokidds mattenrrialahere a
patterned conductor |ayer is formed upon the surface of a high step height

i nt egr at e@*eéireRipi Pateriml € Rndo SLALAen foRy N tavidecmatenkdisst or s or
other integrated circuit devices forned therein and there-upon. The upper
surfaces of the field effect transistors or other integrated circuit

devi ces formthe higly StRe WeldhB '@ rlkgbast@ibdMilit |d¥ egnat QrbeSichtll ¢

substrate of the second preferred enbodi nent of the present 1nvention.
Lower | evanhventidohpe theehdtefldeide Lag8Bs SI4A andr 386 Nafe pregarab B foirmedi t

devi ces to a thickness of about 40 to about 500 angstroms each through
thermal oxidation of the surface of the semiconductor substrate 30.
The gate electrodes 36a and 36b are preferably about 1000 to about
4000 angstroms thick each and preferably formed from either doped
polysilicon or a polycide formed from alternating layers of
polysilicon and tungsten silicide. The source/drain electrodes
38a, 38b and 38c are preferably formed of a low dose/low energy ion
implant at about 1E13 to about 5El14 ions per square centimeter dose
and about 20 to about 80 keV ion implant energy, followed by a high
dose/high energy ion implant at about 5Ei4 to about S5E15 ions per
square centimeter and about 30 to about 100 keVv ion implantation
energy. Between the low dose/low energy ion implant and the high
dose/high energy ion implant thefe are formed the insulator spacers
40a, 40b, 40c and 404, preferably through anisotropic Reactive Ion
Etch (RIE) etching of a blanket layer of either a silicon oxide

material or a silicon nitride material.



"formthe lower step levels of the high step height integrated - 17 -
circuit substrate of the second preferred enbodi nent of the present

. invention. The integrated circuit structure of the second preferred

enbodi nent of the present invention is illustrated by reference to Fig.
to Fig. 2e. Fig. 2a shows a sem conducto?0 substrate 30 upon and within

whose surface are fqQrned isol.atiQn regions,32a_and 32b i ch fine the
active region of tﬁ\gsge FeBhdd 6P's€%s}sm QG?SW‘E%W%Q E l\'7

of the semfgg%ﬂwedsgggkéﬁaﬁ P B‘ES nf Qﬁgﬁguﬁfé)@éé ¥ tfhieebgi?fggcfielt%e

transi stors e sem condu trate 30 upon which 1s“practiced

second prefgedtectraniaadtors] Ghe Ferpt erOfr iRV aANbloAkeRYcdEorMalEsk Vdd h
ei ther dopant polarity, any dopant concentration and any crystall ograph
orientati daver 4 pandlthe sécombniayerduict & klantetateerEormpdn ceahietiors
practiced_the second preferred enbodj nent o resent invention

a (100) L&YF¥cHir sé?ﬁ%ﬁ&uéf‘@rmagﬁmlrsattéméﬁhtYQgi‘EﬂE) Hpanked) gppfgrmal
general, (3phdiYersCaha 51 hldt QoRBSERL1 WoHAAETL CONCT QlayS KRS ELALSS
upon semiconductor substrates are known in the art. Blanket
conformal oxide layers may be formed from silicon oxides or silicon
oxynitrides formed upon a semiconductor substrate through methods
including but not limited to Low Pressure Chemical Vapor Deposition
(LPCVD) methods, Plasma Enhanced Chemical Vapor Deposition (PECVD)
methods and Rapid Thermal Nitridation (RTN) (of silicon oxide)
methods. Analogously, blanket conductor layers may be formed upon
semiconductor substrates from conductor materials such as metals,
metal alloys, doped polysilicon and polycides, through methods
including but not 1limited to Chemical Vapor Deposition (CVD)
methods, Plasma Enhanced Chemical Vapor Deposition (PECVD) methods

and Physical Vapor Deposition (PVD) sputtering methods.

For the second preferred embodiment of the present
invention, the blanket insulator layer 42 is preferably formed of
a silicon oxide material deposited upon the surface of the
semicondu_ctor substrate 30 through a Plasma Enhanced Chemical Vapor
Deposition (PECVD) method. Preferably, the thickness of the

blanket insulator layer 42 is from about 200 to about 2000
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" be fornmed through nmethods including but not limted to selective thernal
oxi dati on nmet hods and sel ective oxi de deposition/patterning nethods. For
~the second preferred enbodi nrent of the present invention, the isolation
regions 32a and 32b are preferably forned through thermal oxidation of
portions of the sem conductor substrate28Q exposed through a suitable mask
to formisol ation - 18 - regions-32a and 32b of silicon oxide. The pair
of field andstgomsr.ansfan othe fergand irefiesrefe eabpRimeregpHnthe PResent

sem conduct or substrate 30 are conpri sed)oagc rg t e . oxi de BA[ﬂ and 345 upon

whi ch r estREERTI0Te ERE\RIJnke o CONGREERT oHE 32& éﬁdpé%ffraf ya%&FF‘F no’f)o t he
id 4b d d . ' f
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and 38c, gpadediy h&EHgﬁiéﬁ upRACEhE AliFacklbe A s_pdcdRductdie siBkhpgse and

mat eri al s through ich all "of the above noted field effect transistor
conponent 30 nehrdughf ar Cleshidadlhivapor DRepersithensECNZopaocess . shsifezatblBp are
conventional to the art. For exanple, gate oxides may be forned through
met hods the polysilicon within the blanket conductor layer 44 is made
conductive through ion implanting with about 5E14 to about 2E16
dopant atoms per square centimeter. Alternatively, the dopant
atoms may be incorporated in-situ as the blanket conductor layer 44
is formed. Preferably, the thickness of the blanket conductor

layer 44 is from about 200 to about 4000 angstroms.

Within the second preferred embodiment of the present
invention, the high step height integrated circuit substrate is the
top surface of the blanket insulator layer 42 over the surface of
the gate electrode 36a or the gate electrode 36b. The lower step
level of the high step height integrated circuit substrate is the
surface of the blanket insulator layer 42 over the surface of the
source/drain electrode 38b. Since the blanket insulator layer 42
is a conformal insulator layer, the step height for the second
preferred embodiment of the present invention is approximately
equal to the thickness of the gate electrode 36a or 36b plus the
thickness of the gate oxide 34a or 34b, respectively. Thus, for
the second preferred embodiment of the present invention the step

height is from about 1000 to about 4500 angstroms.



“including but not limted to thermal oxidation methods whereby portions of
sem conduct or substrates are consuned to form gate oxi des, and oxide

. deposition nmethods whereby gate oxides are formed from i ndependently
deposited and patterned gate oxide materials. Gate el ectrodes are typically
but not exclusively fornmed via patterning t hrough net hods as are
conventional in the art of bl anket ﬁyers of highly conductive materials
such as netals, netal alloys, hlgh doped pol ysi licon and

pol yci des (netal Lcide/ poly C . As ] opv

the art, source drgFﬁeEFé%?rgﬁ g%rgggyplcélFﬁg¥%rﬁ%dsbﬁwéughgggéﬂgggc
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19 - substrate. Finally, 1nSulator spacers are typically fornmed through

ani sot r opstemd d agcofd hlizhketie Isayond pefiertreldaémitio Gt o el paesertor ned
upon seni conductor ~substrate surfaces. The insulator spacer materials
i ncl ude bémventiamwt | isHawsd in FHig.co?b oxisdethet ddesiencesidf coathernddie
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prEferab|¥e$fﬁéﬁﬁLctor substrate illustrated in Fig. 2a. Analogously to the
first preferred embodiment of the present invention, the patterned
photoresist layers 46a and 46b may be formed from any of several
photoresists including but not limited to novolak, Poly-Methyl-
Meth-Acrylate (PMMA) and chemically amplifying photoresists
Preferably, the photoresist layers 46a and 46b are formed from a
novolak photoresist. Preferably, the patterned photoresist layers

46a and 46b are from about 4000 to about 30000 angstroms thick

each.

As is shown in Fig. 2b, the blanket conductor layer 44
which resides beneath the patterned photoresist layers 46a and 46b
has been patterned through an anisotropic etch process to yield the
patterned conductor 1layers 44a and 44b. Although several
anisotropic etch methods may be used in forming the patterned
conductor layers 44a and 44b from the blanket conductor layer 44,
for the second preferred embodiment of the present invention, the
blanket conductor 1layer 44 is preferably etched to form the

patterned conductor layers 44a and 44b through an anisotropic



*to a thickness of about 40 to about 500 angstrons each through thermnal
oxi dation of the surface of the sem conductor substrate 30. The gate

el ectrodes 36a and 36b are preferably about 1000 to about 4000 angstrons
" thick each and preferably forned from either doped polysilicon or a
polycide formed fromalternating |ayerg of polysilicon and tungsten
silicide. The source/drain el ectrodes 38a, 38b and 38c are preferably

formed of REAFEW 0L | BhFtenBIR) ieAhi REPSATS afh Efb AmPloYs lao“HB‘GHFeSE_fA
o0l SAUAEE SR SERS A T £0.00 YL, 80 KoLl an
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i npl antation energy. Between the | ow dose/low energy 1on iInplant and the

hi gh doseReaghiescIqy Hteh i(RPERNétdhherecasse s reethdul€or Nbay e fesidaesr s
40a, 40b, 40c and 40d, preferably through ani sotropic Reactive lon Etch
(RIE) et clﬁﬁga@ﬁ 448 ahkeb reswlt ofrom tineemplete i ebehind i rdreetilanket a
silicon nitride, nate hown resence of

two addi t CGRARS Falye}%verror%eat oras o yREserend Sladket ocbRat R 1858R e,

field 44 adjoins the high step height vertical sidewall regions of the
insulator spacers 40b and 40c. It is towards removal of the
conductor layer residues 44c and 44d without damaging the edges of
the patterned conductor layers 44a and 44b exposed beneath the
patterned photoresist layers 46a and 46b that the second preferred

embodiment of the present invention is directed.

Referring now to Fig. 2c¢, there is shown a schematic
cross—sectional diagram illustrating the results of the next
process step in the second preferred embodiment of the present
invention. Shown in Fig. 2c are the reflowed patterned photoresist
layers 46a' and 46b' which have been formed through reflowing the
patterned photoresist layers 46a and 46b. As illustrated in Fig.
2c, the reflowed patterned photoresist layers 46a' and 46b' have
been reflowed sufficiently to cover the exposed edges of the
patterned conductor layers 44a and 44b. Methods through which
photoresist layers may be thermally reflowed are known in the art.
Such methods include but are not limited to purely thermal methods,

as well as optical methods by which light energy is absorbed by the



-effect transistors. The first layer is a blanket conformal oxide |ayer 42
and the second layer is a blanket conformal conductor |ayer 44. Methods and
~materials through which bl anket conformal oxide |ayers and bl anket
“conformal conductor |ayers may be formed upon seniconductor substrates are
known in the art. Bl anket conformal. gxide | ayers nmay be formed from

Chr ough nERRERRST1H QAVAES A O SLPRE TR BoPBWERFESELY & oth SR ar XBbor
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net hods. phetegssisty labépdkeda 6800461 Qirel pyeferdily Reriows@ddiForm the
sem conduct or substrates from conductor materials such as netals, netal

al | oys, doetloyed ypatteamedamhqiokesists layhrsudgharetanddstboicl tidraughbud not
limted to Chem cal Vapor Deposition (CVD) nethods, Plasna Enhanced
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silicon ogifigedqpt erial deposited upon the surface of the sem conductor
substrate 30 through a Plasma Enhanced Chem cal vapor Deposition (PECVD)
met hod. Preferably, the thickness of the blanket insulator |ayer 42 is
from about 200 to about 2000

Referring now to Fig. 2d there is shown a schematic

cross—-sectional diagram illustrating the results of the next
process step in the second preferred embodiment of the present
invention. Shown in Fig. 2d is the removal of the conductor layer
residues 44a and 444 from the aperture formed'by the blanket
insulator layer 42 and the reflowed patterned photoresist layers
46a' and 46b’'. The conductor layer residues 44c and 44d are
removed +through an isotropic etch process. Isotropic etch
processes are known in the art. Such processes include but are not
limited to Qet chemical etch processes and certain dry plasma etch
processes. For the second preferred embodiment of the present
invention, the isotropic etch process is preferably a wet chemical
etch process employing a nitric acid : hydrofluoric acid : acetic
acid : deionized water acid etch mixture at a concentration of

‘about 40:2:1:20 to about 20:2:1:20.

Referring now to Fig. 2e, there is shown a schematic



- 21 - angstrons. For the second preferred enbodi nent of the present

I nvention, the blanket conductor |ayer 44 is preferably fornmed of a
_polysilicon or polycide (polysilicon/metal silicide stack) materi al
deposited upon the surface of the sem conductor substrate 30.through a

Chem cal Vapor Deposition (CVD) proce®s.—Preferably, the polysilicon within
t he bl anket conductor | ayer 44 is _made conductive through ion inplanting

with aboufrSEa784%)-igpadt A2earwam dddns tErbiRg Je 4855 RIRLSRY fdely 1n the

Al ternativel t he dopant ato be i.nc grated _in-si as b} anket
conduct or ® %%%? Qﬂe%ﬁfegir r?ﬁ'h?ggm%?%f%fa %/0;51{3 Yo tthil&?’ﬁre@%é%f tﬁl_té% alnrget
conduct or phgyeje 44 kel {MBRRME 20bdR 3RPUELIOQARYSHE P BredVibhifgt he
second preferred enbodi nent” of the present invention, the high step height

i nt egr at eddcframivhishbsiveab@ensréhevddtheuré fibmedf phbtebhead iphiotbresiat or

| ayer 42 over the surface of the gate el ectrode 36a or the gate el ectrode
36b. The Rawersstddg'l cand d@fbf he hMghhadep andi ghatemitadgr atlrpugdty cyhich
substrate Ls the surface of the bl anket jinsulator |ayer 42 over the surface

of the soRPREPERSHSF LP¥RTS BY BBIFeMEVARL 1M SERAFRRAUGHRS PR T atePerT 22

known in the art. Such methods include but are not limited to wet
chemical etch methods which employ solvents or aqueous solutions
appropriate to the photoresist material, and dry plasma etch
methods which typically employ oxygen as the active material to
assist in removal of photoresist residues. For the second
preferred embodiment of the present invention, the reflowed
patterned photoresist layers 46a’' and 46b' are preferably removed
from the surface of the semiconductor substrate through a dry

plasma etch process employing oxygen, as is most common in the art.

Upon removing the reflowed patterned photoresist layers
46a' and 46b' to yield the semiconductor substrate illustrated in
Fig. 2e, there is formed the residue free patterned conductor
layers 44a and 44b of the second preferred embodiment of the
present invention upon a high step height integrated c¢ircuit
substrate having field effect transistors formed therein and there-
upon. The conductor layer residues 44c and 444 have been removed
from the lower step level sidewalls of the field effect transistor

structures while simultaneously preserving the integrity of the



is a conformal insulator |layer, the step height for the second preferred
enbodi nent of the present invention is approximately equal to the thickness
of the gate el ectrode 36a or 36b plus the thickness of the gate oxide 34a
or 34b, respectively. Thus, for the second preferred enbodi nent of the
present invention the step height is froffl about 1000 to about 4500

angstrons eLrLng, now t there is shown a schematic
cross-sectPona? élagran1|FPES??%&ﬁﬁuf%:hggﬂeé Series of process steps in

accord with the second preferred enbodi nent of the present invention.
Shown in Fig. 2b is the presence of patterned photoresist |ayers 46a
and 46b upon the surisices oinddratsedi bgnduglersoaubkinate ihl untrakreyd ktReFi g.
2a. Anal ogously to the first preferred enbodi nent of the present invention,
the patt er F?éafﬁﬁ’é?%mmﬁa‘]%@ #Ba BFREePSD inugnbion ereedl Lustmatiyeobs

sever al %gr g |ncI bu %pij m.t.ed t novol ak, Poly-Met hyl -
Met h- Acryl at e ? zﬂﬂye cAPE Ut ¥ HIRG B FB?eEF%?%P¢%%HW§W§BP9 t he
phOtOfeS'Sheb§¥§6§s4@§59ﬂ9 %ﬁﬂoage el £§?¥Lf'“yﬂbas@9 8Lure£”“ﬁé%U% which

Preferably, the patter ot or esi st
are formed the preferred embodiments of the present invention may

be made while yielding embodiments which are within the spirit and

scope of the present invention.

What is claimed is:



46a and 46b are from about 4000 to about 30000 angstrons thick each. As is
shown in Fig. 2b, the blanket conductor |ayer 44 which resides beneath the
_ patterned photoresist |ayers 46a and 46b has been patterned through an

ani sotropic etch process to yield the pafterned conductor Iayers 44a
and 44b. Al t hough several anisotropic etch nethods may be used in
formng the patterned conductor | ayers 44a and 44b fromthe bl anket

conduct or | ayér 447 Pefhqd,fos-EBRRNLRT & digsdduenbrer mafitesmedheopdectan
[ tion, th | 44 i f bl y et d f th
e on, b ook LB atial P bk i e

Reactive lon Ebﬁbrigqga:etch process which enploys a m xture of chlorine,
hydrogen brom de and sul fur hexa-fluoride as the reactive etchant gasses.

As illustrated in providing aheusstere Naysttiedvihe rRemed i ttfededn Etgigd R E)
etch process the conductor |ayer residues 44c and 44d which result from
i nconpl et e et 8kFRghokghthpastanked integrated ¢inmwitidaper) duwt high skmpe t he

bl anket condugtothager 44 adj oins the high step_hei ght vertical sidewall
regions of th elig atterned integrated circuit layer having a pair of

sidewalls;
| forming upon the high step height patterned integrated

circuit layer a blanket conductor layer;

forming upon the blanket conductor layer a patterned
photoresist layer;

patterning through the patterned photoresist layer the
blanket conductor layer via an anisotropic etch process to
yield a patterned conductor layer upon the surface of the high
step height integrated circuit layer and conductor layer
residues at a lower step level of the high step height
integrated circuit layer;

reflowing the patterned photoresist layer to cover
exposed edges of the patterned conductor layer; and

removing through an isotropic etch process the conductor
layer residues formed at the lower step level of the high step

height integrated circuit layer.

2. The method of Claim 1 wherein the step height of the high

step height integrated circuit layer is at least 1000

T



I nsul at or spacers 40b and 40c. It is towards renoval of the conductor

| ayer residues 44c and 44d wi t hout damagi ng the edges of the patterned

- conductor |ayers 44a and 44b exposed beneath the patterned photoresi st

| ayers 46a and 46b that the secaond preferred enbodi nrent of the present
invention is directed. Referring now tggFig. 2c, there is shown a schematic
cross-sectional diagramillustrating the results of the next process step
in the secondi¥F§F§8W§d enbodi ment of the present invention. Shown in Fig.
2c are the ref |l owed patterned photoresist |ayers 46a" and 46b' which have
been fornmed through reflowi ng the patterned photoresist |ayers 46a and 46b.

As illustrated.in Fhg meenod g cahlifvedinaidier 18d PH@SRHEIY i kAY ek sgHiba’
and 46b' have been refl owed sufficiently to cover the exposed edges of the

patterned condikePorhdighdr pattgraad 4apegraiped hoiscuiir olagemhaxd ponoved esi st
| ayers may be thermally reflowed are known in the art. Such nethods include

but are not |i¥hHOYtt nGererfting, Akl aReaRFLe, ofs apout 85 dmt i kAUt hods

Y U S QR PR Bl Sans of e PSS TS
4. The method of Claim 1 wherein the blanket conductor layer -
is formed from a conductive material chosen from the group of
conductive materials consisting of metals, metal alloys, metal
silicides, metal nitrides, doped polysilicon and polycides

(polysilicon/metal silicide stacks).

5. The method of Claim 1 wherein the blanket conductor layer

has a thickness of about 200 to about 4000 angstroms.

6. The method of Claim 1 wherein the patterned photoresist
layer is formed from a photoresist chosen from the group of
photoresists consisting of novolak, Poly-Methyl-Meth-Acrylate

(PMMA) and chemically amplifying photoresists.

7. The method of Claim 1 wherein the patterned photoresist

layer is from about 4000 to about 30000 angstroms thick.

8. The method of Claim 1 wherein the patterned photoresist

R



. preferred enbodi nrent of the present invention, the patterned photoresist

| ayers 46a and 46b are preferably reflowed to formthe refl owed patterned

phot oresi st | ayers 46a'" and 46b' through a purely thermal process at a

- tenperature of about 150 to about 250 degrees centigrade for a time period
of about 5 to about 30 minutes. Referri’ng nowto Fig. 2d there is shown a

schemati c cross-secti onal ramijlustratin he results of the t
process step i Fﬁe%e’é%ﬁtf“ﬁ%gfaér?eﬁe%@ uﬁﬁg?%o?b‘f"rfe 1ﬁr°e§8n?b‘i"fﬁ/m on

Shown in Fig t of the conductor |ayer residues 44a and 44d
fromthe apertu% E?orﬁgﬁggﬁ %%e bl anket insulator |ayer 42 and the refl owed

patterned photoresist |ayers 46a’ and 46b'. The conductor |ayer residues

44c and 44d are renoved through an isotropic etch process.

| sotropic etcéh préceetiesd diogr fnomang M tdes idue. fEu@rpqntﬁn@séesonduntnna but

are not Iinited to wet chem cal etch ocesses and certain dry asma etch
processes. Forla¥§& 49e8nd prehefFER Egtﬁkﬁr&ﬂﬁeQﬁaQ?ﬁecﬂFSEéﬁtSP terfteon,

t he isotropiccfg%glgrgcess is preferably a wet chemical etch process

enpl oyi ng a ni eha hydrofluoric acid : acetic acid : deionized water

acid etch mxture ﬂEo@x@Pﬁ?%rﬁénﬁtdo%&u@fzoﬁ%%fstﬂgtg ‘hevaAgt fordeiingibig; 1: 20.

Referring nowto Fig. 2 here is shown a schematic
and thereupon at least one integrated circuit device, the

integrated circuit device having an upper surface which
comprises a high step height and at least one lower surface
which comprises a lower step level, the difference between the
high step height and the lower step level being a step height;

forming upon the semiconductor substrate a blanket
conductor layer;

forming upon the blanket conductor layer a patterned
photoresist layer;

patterning through the patterned photoresist layer the
blanket conductor layer via an anisotropic etch process to
yield a patterned conductor layer upon the upper surface of
the integrated circuit device, and conductor layer residues at
the lower step level of the integrated circuit device;

reflowing the patterned photoresist layer to cover the
exposed edges of the patterned conductor layer; and

removing through an isotropic etch process the conductor

layer residues formed at the 1lower step 1level of +the

HIl\II\ \l\l\\ III\l \\I\I \\ \||\



- 25 - cross-sectional diagramillustrating the | ast process step in the
second preferred enbodi nent of the present invention. Shown in Fig. 2e is
the integrated circuit structure as illustrated in Fig. 2d from whi ch have
.been renoved the refl owed patterned phdPoresist |ayers 46a'" and 46b'.
Met hods and materials through which photoresist |ayers nmay be renoved

from sem conduct ot r at in the art. Such nethods include
but are not Iin%te‘e to me?ag§%%§§§¥ng¥gh met hods whi ch enpl oy sol vents or

aqueous sol utions appropriate to the photoresist material, and dry plasna
etch nethods which typically enploy oxygen as the active material to assist
in renoval of1hotTreeguetthodr ed dilesim 9 WEreirhethes enmtuhratederdieduit
enbodi nent of the present invention, the reflowed patterned photoresist

| ayers 46a’ andi9%ife dSeapfietd Rfifecte#H53BLF4MM t he surface of the

sem conductor substrate through a dry plasma etch process enpl oyi ng oxygen,
as is nost common in the art. Upon renoving the reflowed patterned

photoresi st laye{s 48a RRHoA0Br ERaYheb dﬁﬁ%ﬁ?@l’?&?&% tgxgetjt%HQSt'éatf%om

illustrated in Fig. 2e, there is forned the residue fre ern
conduct or about 1000 to about 4500 angstroms.

12. The method of Claim 9 wherein the blanket conductor layer
is formed from a material chosen from the group of materials
consisting of polysilicon and polycide (polysilicon/metal

silicide stack) materials.

13. The method of Claim 12 wherein the thickness of the
blanket conductor layer is from about 200 to about 4000

angstroms.

14. The method of Claim 9 wherein the patterned photoresist
layer is formed from a photoresist material chosen from the
group of photoresist materials consisting of novolak, Poly-
Methyl-Meth~Acrylate (PMMA) and chemically amplifying

photoresists.

15. The method of Claim 14 wherein the patterned photoresist

layer is from about 4000 to about 30000 angstroms thick.

* [ L M s *



" layers 44a and 44b of the second preferred enbodi nent of the present

i nvention upon a high step height integrated circuit substrate having field
. effect transistors forned therein and there- upon. The conductor |ayer

resi dues 44c and 44d have been renpoved fromthe | ower step |evel sidewalls
of the field effect transistor structuressyhile sinultaneously preserving

the integrity of the - 26 - patterned_conductor |ayers 44a and 44b. As
i s under st ood Jb{r a PBPfsBRtERY) Pgdcﬁﬁl’f'hgzatwpfrteﬁﬁ 5PEf @PLERtEMRHYI RETR s of

the present i iyeiidean & & i hLUSLIA |46, Obediie (RERPCPl oLl COLLPNL A0 D01

limting of the present invention. Revisions to the net errals and

structures thremgloyihigch aiecde wEdchber e erydedgenbweimie anaf sabeur
present invention nay be made whil e yielding enbodi nents which are within

the spirit andexanfduotidecrenaisiant etohamt igassevhat is clainmed is:

17. The method of Claim 14 wherein the patterned photoresist
layer is reflowed through a purely thermal process at a
temperature of about 150 to about 250 degrees centigrade for

a time period of about 5 to about 30 minutes.

18. The method of Claim 12 wherein the isotropic etch process
is a wet chemical etch process employing a nitric acid :
hydrofluoric acid : acetic acid : deionized water acid etch
mixture at a concentration of about 40:2:1:20 to about

20:2:1:20.

R



- 27 - 1. A nethod for formng a residue free patterned conductor |ayer
upon a high step height integrated circuit substrate conprising: providing
a substrate | ayer having formed thereon a high step hei ght patterned
integrated circuit layer, the high step height patterned integrated circuit
| ayer having a pair of sidewalls; form ng upon the high step height
patterned integrated circuit Iayer a BRanket conductor |ayer; forming upon
t he bl anket conductor |ayer a patterned photoresist |ayer; patterning

t hrough the patterned photokggtﬁgcfe@gaﬁﬂgthgégggggg conductor |ayer via an

ani sotropic_etch :p%ciés to B?t% [ QIOﬁﬁR%Bgt‘ k@ﬁggnﬂﬁ%ﬂ the
¢ . C1RC Y

surface ofEHR , = o
| ayer residues at a | ower siw ?%R |ntegrated

circuit | ayer r ef Bomehod h‘é:q)aﬂommneda prRftiguesifsee| mﬂéﬁfem@dcévéﬁu‘émsed
edges of atterned conductor and renpvi n rough | Sotropic \\
etch proc §3§ $H‘\?°(?oﬁcﬂ?c9c%oﬁtf*%ﬁﬁlgpg +%Yf@§aftﬁpnﬁﬁr%{fl ﬁBbF‘Egé est@br?fe‘\/el of

\

the high $h&Pe is provided a semiconductor substrate having formed thereon
a high step height patterned integrated circuit layer. Formed upon
the high step height patterned integrated circuit layer is a
blanket conductor layer, and formed upon the blanket conductor
layer is a patterned photoresist layer. The portions of the
blanket conductor layer exposed through the patterned photoresist
layer are etched through an anisotropic etch process to leave
remaining a patterned conductor layer upon the surface of the high
step height patterned integrated circuit layer and conductor layer
residues at a lower step level of the high step height patterned
integrated circuit layer. The patterned photoresist layer is then
reflowed to cover exposed edges of the patterned conductor layer.
Finally, the conductor layer residues at the lower step level of
the high step height patterned integrated circuit layer are removed

through an isotropic etch process.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



- height integrated circuit |ayer. 2. The met hod of G aim1 wherein the
step height of the high step height integrated circuit layer is at | east
1000 - 28 - angstrons. 3. The nethod of Claim1 wherein the sidewalls
of the high step height patterned integrated circuit |ayer are formed

wi t hout undercutting at an angle of about 85 to about 95 degrees with
respect to the plane of the substrate |ayer. 4. The nmethod of Caiml
wherein the bl anket conductor layer is forned froma conductive nmateri al
chosen fromthe group of conductive Merials consisting of netals, netal
alloys, netal silicides, netal nitrides, doped polysilicon and pol yci des
(polysilicon/netal silicide stacks). 5. Theéﬂet od of Caim1 wherein the

bl anket conductor |ayer has a thickness of abo 00 to about 4000
angstrons. 6. The nethod of Claim1l whereint pat t er ned phot oresi st
| ayer is fornmed froma photorefést chosen f gr oup of182Ptoresists
consi sting of novol ak, Poly- Mt RA# Acrylate | [ ——
e 17
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(PMVR) and chem cal ly anplifying photoresists. 7. The nmethod of Caim1l
wherein the patterned photoresist |layer is fromabout 4000 to about 30000
. angstrons thick. 8. The nethod of Claim1 wherein the patterned
phot or esi st - 29 - layer is reflowed at a tenperature of about 150 to
about 250 degrees centigrade. 9. A nmethod for formng a residue free
patterned conductor |ayer upon a high step height integrated circuit
substrate conprising: providing a semggnductor substrate having forned
therein and thereupon at | east one integrated circuit device, the
integrated circuit device having an upper surface which conprises a high
step height and at | east one | ower surface which conprises a | ower step
| evel, the difference between the high step height and the | ower step | evel
being a step height; form ng upon the seniconductor substrate a bl anket
conductor |ayer; form ng upon the bl drfREt conductor1ﬁ3¥er a patterned
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“photoresist layer; patterning through the patterned photoresist |ayer the
bl anket conductor |ayer via an anisotropic etch process to yield a
patterned conductor |ayer upon the upper surface of the integrated circuit
devi ce, and conductor |ayer residues at the |ower step |evel of the
integrated circuit device; reflowing the patterned photoresist |ayer to
cover the exposed edges of the patterned conductor |ayer; and renoving
through an isotropic etch process the gpgnductor |ayer residues fornmed at
the |l ower step | evel of the - 30 - integrated circuit device. 10. The
met hod of Claim9 wherein the integrated circuit device is a field effect
transistor. 11. The nethod of Caim9 wherein the step height is from about
1000 to about 4500 angstrons. 12. The nethod of Cl aim9 wherein the bl anket
conductor layer is formed froma material chosen fromthe group of
material s consisting of polysilicon and pol ycide (polysilicon/netal
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~silicide stack) materials. 13. The nethod of C aim 12 wherein the thickness
of the bl anket conductor layer is from about 200 to about 4000 angstrons.
14. The method of Caim9 wherein the patterned photoresist layer is forned
“froma photoresist material chosen fromthe group of photoresist materials
consi sting of novol ak, Poly- Methyl-Meth-Acrylate (PMVA) and
chemcally anplifying photoresists. 15. The nethod of C aim 14 wherein
the patterned photoresist |ayer is froftf2bout 4000 to about 30000 angstrons
t hi ck. - 31 - 16. The nethod of C aim 12 wherein the ani sotropic etch
process is a Reactive lon Etch (RIE) plasma etch process enpl oying a

m xture of chlorine, hydrogen brom de and sul fur hexa-fluoride reactive

et chant gasses. 17. The nmethod of C aim 14 wherein the patterned

phot oresi st |ayer is reflowed sghrough rely rmal g prpcess at a
40P°280 A ees 4D or ]

tenperature of about 150 to a grees c i grad or
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“ a time period of about 5 to about 30 minutes. 18. The nmethod of Caim 12
wherein the isotropic etch process is a wet chem cal etch process enpl oyi ng

. anitric acid : hydrofluoric acid : acetic acid deionized water acid etch
m xture at a concentration of about 40:2:1:20 to about 20:2:1:20.
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