WETHOD FOR DUAL GATE OXI DE DUAL WORKFUNCTI ON CMOS DESCRI PTI ON BACKGROUND OF
THE | NVENTION Field of the Invention The present invention generally " [
rel ates to seniconductor chip manufacturing processes and nore particul arly
to dual gate oxide, dual work function field effect transistor

manuf acturi ng processes that may be adapted for manufacturing nerged |ogic
and dynam c¢ random access nenory chi ps. Background Description Dynam c
random access nmenory (DRAMs) and | ogi ¢ designs have different design points
and requirenments. Logic design is focused, typically, on speed at the cost
of increased power. Consequently, high device |eakage current can be
tolerated. By contrast, the primary focus in DRAM design is minim zing

| eakage currents that woul d ot herwi se reduce nenor% cell data retention
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flexibility. 2 For exanple in DRAM Sﬂéﬁﬁffgﬁs%ﬁgigssary to boost the
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DESCRIPTION

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention generally relates to
semiconductor chip manufacturing processes and more
particularly to dual gate oxide, dual work function
field effect transistor manufacturing processes that
may be adapted for manufacturing merged logic and

dynamic random access memory chips.
Background Description

Dynamic random access memory {(DRAMs) and logic
designs have different design points and
requirements. Logic design is focused, typically, on
speed at the cost of increased power. Consequently,
high device leakage current can be tolerated. By
contrast, the primary focus in DRAM design is
minimizing leakage currents that would otherwise
reduce memory cell data retention time.

State of the art IC chips must be able to allow
wider ranges of on-chip voltages, while increasing

circuit performance and design flexibility.



storage nodes and to inprove resulting signals read therefrom However,
boosting wordline voltage increases the electric field across the gate
dielectric of transfer devices tied to the wordline. Therefore, to satisfy
gate dielectric reliability requirenents, the transfer gate's dielectric is
t hi ckened. For a typical DRAM chip wth a uniform gate oxide thickness, the
t hi ckened gate oxi de degrades performance in peripheral circuits and

i nput/output (I/0 circuits. Wile this degradati on may cause an acceptabl e
i npact in DRAM performance, when a DRAMis nerged with high performance

| ogic, the logic becones prohibitively slow There is, therefore, sone
reluctance in nmerging high performance |logic with DRAM cells on a single
chi p, because of the inherent increase in process conplexity. Another
problemis transient voltadg®rsgrkeslienih/Ra\deos ggat-e i6xiidenérensdfOto

vol tage overshoots and\wrt%@(:)g%%cllﬁgs@oyg é'ﬂ‘%o%@ '%%% LeauLEe sheci al

decoupling to reduce the spik magni t ese decoupling structures
occupy addi ti onal chlpﬂéﬁéa’aﬁ&téda £ H@%F%ﬁﬁ?xﬁﬁﬁ XieEge SeCredchhi ques

have been suggested, kgiywh@as nddak galiecPr OGesSes, rdsuIRiay deghywos didfer ent
gat e oxi de thicknesses_on %& same chip in order to both inprove | ogic
per formance and i ncreas® S &it design flexibility.

However, boosting wordline voltage increases the

electric field across the gate dielectric of transfer
devices tied to the wordline. Therefore, to satisfy
gate dielectric reliability regquirements, the
transfer gate’s dielectric is thickened. For a
typical DRAM chip with a uniform gate oxide
thickness, the thickened gate oxide degrades
performance in peripheral circuits and input/output
(I/0} circuits. While this degradation may cause an
acceptable impact in DRAM performance, when a DRAM is
merged with high performance logic, the logic becomes
prohibitively slow. There is, therefore, some
reluctance in merging high performance logic with
DRAM cells on a single chip, because of the inherent
increase in process complexity.

Another problem is transient voltage spikes on
I/0 device gate oxide from I/0 voltage overshoots and
undershoots. These voltage spikes require special
decoupling to reduce the spikes’ magnitude. These
decoupling structures occupy additional chip area and
add to design complexity. So, techniques have been
suggested, known as dual gate processes, to provide
two different gate oxide thicknesses on the same chip
in order to both improve logic performance and

increase circuit design flexibility.



3 In the sinplest such dual gate oxide process, an initial gate oxide is
grown. Then, the gate oxide is photolithographically patterned to protect
thick gate oxide region and expose thin oxide gate regions. Then, the oxide
is etched fromthe exposed regions. The nmask is renoved and, oxide is grown
in the thin oxide regions and sinultaneously thickened in the initially
protected gate oxide regions. A major drawback of this nethod is that
coating the first gate oxide |ayer with photoresist and then stripping the
phot oresi st may reduce chip yield and degrade reliability. "Sinultaneous
Gowh of Different Thickness Gate Oxides in Silicon CMOS Processing” by
Doyle, B., Saleimani, H R and Philiposian A iH | EEE El ectron Device
Letters Vol. 16, No.7, pp. 301-1 (1995), teach anqther apprgach to grow ng
dual gate oxides on a singﬂ€’5ﬁFpglfﬁg%%teﬁu9ﬂ.duﬁéagﬁ‘§ePg&FFv%¥?CeSS' an

i mpl anting nitrogen i ntrol siwalf geeeobxitie subptdwat.e Thent hitheggbee oxt e is

regi ons. The presence 'fg a e ar ow, in thip oxide
regi ons. Then, when of?%gﬁéstg%%&ngﬁigégf¥3%%%ﬁ§%§%yngb8fﬁE?%§i§ﬁ§g<6¥Yﬁb
grows slower in thin oXdte reégiioRsanAsespessuiitin hiick gate oxydengyr ows

everywhere except in regmnsheMBkanteds w¢dhdd tﬂ&&@!&m%kb&é@%&@/&%_et
al . techni que has been _shown tq be technically feasible, repeatable results

are yet to be shown. SR Imafotfer SBPEBe et Tomiidtatisng*8v et feth DRANI ogi ¢
process is the need fosxfdy megdoddabn®Oskmultaneously thickened in the

initially protected gate oxide regions.

A major drawback of this method is that coating
the first gate oxide layer with photoresist and then
stripping the photoresist may reduce chip yield and
degrade reliability.

“Simultaneous Growth of Different Thickness Gate
Oxides in Silicon CMOS Processing” by Doyle, B.,
Saleimani, H.R. and Philiposian A. in IEEE Electron
Device Letters Vol. 16, No.7, pp. 301-1 (1995), teach
another approach to growing dual gate oxides on a
single chip. Doyle et al. teach selectively
implanting nitrogen into surface of the substrate in
thin gate oxide regions. The presence of nitrogen
retards oxide growth in thin oxide regions. Then,
when oxide is grown, simultaneously in both regions,
oxide grows slower in thin oxide regions. As a
result, thick gate oxide grows everywhere except in
regions implanted with nitrogen. While the Doyle et
al. technique has been shown to be technically
feasible, repeatable results are yet to be shown.

Still another problem complicating a merged
DRAM/logic process is the need for forming dual work

function gate conductors, i.e., P-type in P-type



function gate conductors, i.e., P-type in P-type field effect
transistors (PFETs) and N-type in N-type field effect transistors (NFETs),
wi t hout disturbing the polysilicon-tungsten-nitride gate stack in the DRAM
cells. This is especially difficult wi thout increasing overall process
conplexity. It is equally difficult to avoid the reduced DRAM cel

retention tine and netal contami nation arising fromselectively form ng
silicides only on logic circuits as nay be desired. Thus, there is a need
for a reliable nerged DRAM | ogi ¢ process with selectively forned dual gate
oxi de thicknesses. SUVMARY OF THE INVENTION It is therefore an object of
the present invention to nmerge high-performancet logic with DRAM on a single
integrated circuit chip. It is another object of the present invention to
grow two different fieliele feddectr ansnstorogpat(@dXisdeandi Bkhers ioh Nateicrgl e

chip. It is yet anothef;obj eatreet thenpiassd UMFEQ@tlomlEﬁobBC&fééﬁ%b ng
junction formation flexibility on integrated circuit chips. It is

anot her obj ect of the PreRINSLAYEAL T ORI S EEE ] GﬁEFl Bﬁa?)ér%fhtq*t‘fn
flexibility on nmerged f¥MMdeagisC THi eI StebeidifqUivt dGHiFRPEult twithyat
anot her object of the present. . .
ncreasing cverall process complexity. It is equally
difficult to avoid the reduced DRAM cell retention
time and metal contamination arising from selectively
forming silicides only on logic circuits as may be
desired.
Thus, there is a need for a reliable merged
DRAM/logic process with selectively formed dual gate

oxide thicknesses.
SUMMARY OF THE INVENTION

It is therefore an object of the present
invention to merge high-performance logic with DRAM
on a single integrated circuit chip.

It is another object of the present invention to
grow two different field effect transistor gate oxide
thickness on a single chip.

It is yet another object of the present
invention to increase junction formation flexibility
on integrated circuit chips.

It is yet another object of the present
invention to increase junction formation flexibility
on merged DRAM/logic integrated circuit chips.

It is yet another object of the present
invention to selectively reduce source/drain and gate

resistance in integrated circuit chips.



invention to selectively reduce source/drain and gate resistance in
integrated circuit chips. 51t is yet another object of the present
invention to selectively formdual work function gates in FETs on a dynamc
random access integrated circuit chip. The present invention is a method of
formng integrated circuit chips including two dissimlar type NFETs and/or
two dissimlar type PFETs on the sane chip, such as both thick and thin
gate oxi de FETs. The method includes the steps of: selectively formng a
gate stack including first thick gate dielectric |ayer on a sem conductor
wafer, preferably SiJerr] on a silicon wafer; then, formng a thinner gate
dielectric layer on the wafer; next, form ng gafes on the thinner
dielectric layer; defining thick oxide gate fromthe stack; form ng source

and drain regions for the trhi nsgase éﬁ&&ké{kﬁﬂjéﬁi @mdtd@pbﬁgséMQ gate; and,
finally, form ng source rapn regions for oxi de devi ces

i ck
and dopi ng the gate. F@géBPy“otﬁ% %ﬁ%ﬁﬁ?%yhg%ﬁgbguéEpSgggeF?%%%“Thyer on

t he gate oxide | ayer, anHSIu0|aéi$ageracﬁyddmaquﬁqp@ohieonebayemtegmtﬁad
nitride |layer on the SIUC%quchger BRI EF DESCRI PTI ON OF THE DRAW NGS The

foregoing and ot her objects, aspects and
The present invention is a method of forming

integrated circuit chips including two dissimilar
type NFETs and/or two dissimilar type PFETs on the
same chip, such as both thick and thin gate oxide

- FETs. The method includes the steps of: selectively
forming a gate stack including first thick gate
dielectric layer on a semiconductor wafer, preferably
Si0, on a silicon wafer; then, forming a thinner gate
dielectric layer on the wafer; next, forming gates on
the thinner dielectric layer; defining thick oxide
gate from the stack; forming source and drain regions
for the thin gate oxide devices and doping the gate;
and, finally, forming source and drain regions for
the thick gate oxide devices and doping the gate.
Preferably, the stack includes a polysilicon layer on
the gate oxide layer, a silicide layer on the
polysilicon layer and a nitride layer on the silicide

layer.
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and
advantages will be better understood from the
following detailed description of a preferred
embodiment of the invention with reference to the

drawings, in which: .



advantages will be better understood fromthe foll ow ng detailed
description of a preferred enbodi nent of the invention with reference to

t he draw ngs, in which: 6 Figure 1 shows a thick oxide gate stack forned
according to the preferred enbodi ment of the present invention; Figure 2
shows a second polysilicon | ayer on the stack and over a thin gate oxide

| ayer; Figure 3 shows resist defining thin oxide FETs; Figure 4 shows a
thin oxi de FET gate spaced fromthe stack; Figure 5 shows a patterned thick
oxi de gate and thin oxide bl ocking nmask; Figure 6 shows thick oxide FET
gates and thin oxide gates on the wafer; Figure 7 shows a nitride and oxide
| ayer on the structure of Fig. 6; Figure 8 shom% a bl ocki ng mask over thick
oxi de areas during thin oxide device definition, and Figure 9 shows thick

and thin oxide FETs on the sane fer according’t the preferr enbodi, ment
of the present invention. Eéﬁ%ﬁﬁﬁg% %Egéﬂl5TfEﬁf%}§%¥Tﬂ%fﬁE%REDaE%BCgP%ENT OF
THE | NVENTI ON Ref er ri ngchowding ttee tdeamirn§sr refidempr@iment of the present

invention;

Figure 2 shows a second polysilicon layer on the
stack and over a thin gate oxide layer;

'Figure 3 shows resist defining thin oxide FETs;

Figure 4 shows a thin oxide FET gate spaced from
the stack;

Figure 5 shows a patterned thick oxide gate and

*thin oxide blocking mask;

Figure 6 shows thick oxide FET gates and thin
oxide gates on the wafer;

Figure 7 shows a nitride and oxide layer on the
structure of Fig. 6;

Figure 8 shows a blccking mask over thick oxide
areas during thin oxide device definition; and

Figure 9 shows thick and thin cxide FETs on the
same wafer according to the preferred embodiment of

the present invention.

DETAILED DESCRIPTION OF A PREFERRED
EMBODTMENT OF THE INVENTION

Referring now to the drawings, and more
particularly to Figure 1, which shows a first gate
stack 100 formed according to the preferred
embodiment of the present invention. The preferred
empodiment of the present invention is a method of
forming integrated circuit (IC) chips with multiple

device types normally found on separate IT chips.



particularly to Figure 1, which shows a first gate stack 100 forned
according to the preferred enbodi nent of the present invention. The
preferred enbodi nent of the present invention is a nethod of form ng
integrated circuit (1C chips with nmultiple device types nornmally found on
separate | C chi ps. 7 For exanple, a preferred IC device may include
dynam ¢ random access nenory (DRAM cells fornmed with DRAM specific process
features and a high performance m croprocessor forned for according to a

| ogi ¢ process. The two processes are sufficiently decoupled to allow
inclusion in either features specifically directed to the needs of the
particul ar type device being fornmed. Thus, IC chips forned according to the
preferred enbodi nent are formed using, effectively, two processes on the

sanme chip. As described hegein illustrati the fir; RE devi.ces,
for DRAM are formed fron1%§g ?%%g?fga%éyégégggﬁgo ?né%kg%zﬁggrégg?ﬁé to
herein as thick oxide SaPeéRsC THEYeEUIHESEypemdeyi ¢BBAMY grel syifermgde “E6hmed
fromthe second type dguMCegetr W rdceseiretkfdet OaR@rLiny A JdH i axinde
areas. Further, these thick and thick areas may be isolated in specific
chip regions, e.g. | ofi*€ 8RECEAM Pedi el T AFEPRTXEH, "3 & QG el y, to
sel ectively increase valotage. hamndl iwtg pxapebiskist bes, ssfificiamtly ekidpubles

to allow inclusion in either features specifically
directed to the needs of the particular type device
being formed. Thus, IC chips formed according to the
preferred embodiment are formed using, effectively,
two processes on the same chip.

As described herein for illustration, the first
type devices, for DRAM, are formed from the first
gate stack 100 in what is referred to herein as thick
oxide areas. The second type devices, for logic, are
formed from the second type devices in what is
referred to herein as thin oxide areas. Further,
these thick and thick areas may be isolated in
specific chip regions, e.g. logic and RAM regions or,
intermixed, selectively, to selectively increase
voltage handling capabilities, such as in chip I/0s
or, to selectively enhance gate capacitance.

Thus, the first type, thick oxide stack 100 is
formed on a silicon substrate 102 after forming
shallow trench isolation (STI) regions {(not shown in
figure 1). A first, thick gate dielectric or gate
oxide layer 104, preferably 8.2 nanometers (nm), is
formed on the substrate 102. A doped polysilicon
layer 106, preferably n~type polysilicon between 50-
100nm thick, is formed on the dielectric layer 104. A



or, to selectively enhance gate capacitance. Thus, the first type, thick
oxi de stack 100 is fornmed on a silicon substrate 102 after form ng shall ow
trench isolation (STlI) regions (not shown in figure 1). A first, thick gate
dielectric or gate oxide |ayer 104, preferably 8.2 nanoneters (nm, is
formed on the substrate 102. A doped polysilicon |ayer 106, preferably
n-type polysilicon between 50- 100nmthick, is formed on the dielectric

| ayer 104. A tungsten silicide |layer 108, preferably 50nmthick, is
formed on polysilicon layer 106. Finally, capping |layer 110 is fornmed on
the stack. The preferred capping layer 110 is a 100-200nmthick silicon
nitride |ayer, and nost preferably 200nm A pegson skilled in the art would
understand how to alter the above stack nmaterials and | ayer thicknesses may
be altered as desiredtiagsaepasilicilay lapplki cati opraf & hovty dejpar tihigkf,r om

the spirit or scope of. the invention. Having forned.the stack 100, it is
patterned and selecti@5IEOF%%%VQHI¥%”F3Té§8gsé“{%g substrate in thin oxide

areas 112. Preferably, theFstatky 10GrpsngatesenedlOsinagfarnsgpigalthe

phot ol i t hographi ¢ maski.ng St epe §¥%§3¥£3$ %5?55n9055%9951966i§QﬁDMﬁﬂQOOnm

preferably, using reactive ion etching (RIE). The stack 100 is squgntlally
n

etched to renove porti®d§kofitiern dp-thitdei devyrayefn410°5t R f AFTAR

silicide 200nm. A person skilled in the art would understand
how to alter the above stack materials and layer
thicknesses may be altered as desired for a
particular application without departing from the
spirit or scope of the invention.

Having formed the stack 100, it i1s patterned and
selectively removed to re-expose the substrate in
thin oxide areas 112. Preferably, the stack 100 is
patterned using a typical photolithographic masking
step. Selected stack porticns are removed,
preferably, using reactive ion etching (RIE). The
stack 100 is sequentially etched to remove portions
of the top nitride layer 110, the tungsten silicide
layer 108, and the polysilicon layer 106, stopping at
the gate oxide layer 104. Then, the exposed gate
oxide layer 104 is etched away to re-expose the
substrate surface 114.

Having defined thin oxide areas 112, in Figure 2
a thin gate oxide 116 is grown on exposed substrate
surface 114. Oxide forms over the exposed sidewall of
tungsten silicide layer 108 and polysilicon layer
106. An undoped polysilicon layer 118 is deposited on
thin gate oxide 116. Preferably undoped polysilicon
layer 118 is 100-200nm thick.



e
| ayer 108, and the polysilicon |ayer 106, stopping at the gate oxide |ayer
104. Then, the exposed gate oxide |layer 104 is etched away to re-expose the
substrate surface 114. Having defined thin oxide areas 112, in Figure 2 a
thin gate oxide 116 is grown on exposed substrate surface 114. Oxide forns
over the exposed sidewall of tungsten silicide |layer 108 and polysilicon

| ayer 106. An undoped polysilicon |layer 118 is deposited on thin gate oxide
116. Preferably undoped polysilicon layer 118 is 100-200nmt hi ck. 9
Next, as shown in Figure 3 undoped polysilicon |ayer 118 is
photolithographically patterned in thin oxide areas 112. After formng the
mask 119, the undoped polysilicon layer 118 is etched directionally,
resulting in the gate 120 shown in Figure 4. FiQure 4 also shows what is
known as "stringer" 122 left at the peripher ~of the gate stack 100. It is
possible to renpve stringer$x£222BySpoet ett Hiripr % 5y UNAPRBEr Bpt ¥at}icon
However, to avoid nornedjer unwankeghever i elsdvdithi sliniyngaesetrddiare ¢:emved
in a subsequent step. Alaﬁ{nq;iveLy tgg ovgé et.ch needed %olggnove
stringers 122 can be n?fih 28§36y ‘TAr tPRITY SEHNg THe §atel 8t ack'400 such
that the remaining st ackdquord ippiyshaveoa laper dd &siidewdkchegr of i | e.

directionally, resulting in the gate 120 shown in
Figure 4.

Figure 4 also shows what is known as "“stringer”
122 left at the periphery of the gate stack 100. It
is possible to remove stringers 122 by overetching,
e.qg., lsotropically. However, to avoid normally
unwanted over etching, stringers 122 are removed in a
subsequent step. Alternatively, the over etch needed
to remove stringers 122 can be minimized by initially
etching the gate stack 100 such that the remaining
stack portions have a tapered sidewall profile.

Next, a masking layer is formed over the wafer
and patterned as represented in Figure 5. During a
subsequent etch step, mask pattern shape 124 protects
thin oxide gates 120 simultaneously with mask pattern
shape 126 defining a thick oxide gate. After the etch
step, in Figure 6 thick oxide FET gates 128 etched
from stack 100 remain on the surface alongside
previously defined thin oxide FET gates 120.

A thin sacrificial oxide layer 130 in Figure 7
is formed over the substrate. The thin sacrificial
oxide layer 130 forms on and along the sidewalls of
polysilicon gate 120 and along the exposed sidewalls
of layers 106 and 108 of gate 128. Dopant is
implanted into source and drain extensions using

appropriate mask and implant steps, i.e., N-type



Next, a masking layer is forned over the wafer and patterned as represented
in Figure 5. During a subsequent etch step, mask pattern shape 124 protects
thin oxide gates 120 sinultaneously with nask pattern shape 126 defining a
thick oxide gate. After the etch step, in Figure 6 thick oxide FET gates
128 etched from stack 100 remain on the surface al ongside previously
defined thin oxide FET gates 120. A thin sacrificial oxide layer 130 in
Figure 7 is fornmed over the substrate. The thin sacrificial oxide |ayer 130
forms on and along the sidewalls of polysilicon gate 120 and al ong the
exposed sidewal | s of |ayers 106 and 108 of gate 128. Dopant is inplanted
into source and drain extensions using approprigte mask and inplant steps,
i.e., Ntype 10 dopant for NFETs and P-type dopant for PFETs. Then, a
nitride layer 132 is dﬂmﬂaktedrcmveT£ngusaenwbbchabammifmrIEﬂﬂﬂs 130.candaon

capping |layer 110 on ga AN o Lde. | aye | osite n.the,
nitride |ayer 132. Neqitréseréﬁ reSent % |ﬁy OSl 309§g néﬂﬁ%%r‘ﬁés%“136 IS

appl i ed, which protecﬁsuﬁhldhy©X|MéOd@W¢cEscaypﬂhgnl®x¢déﬂﬂbvrbe@~§ré28

defined. Exposed portiOgng.Qhiel aYeLs ;ls%’%,lsl%ﬂep% 5§ 8§l sstw&h% Aide eetpg@al Ly
etched, sequentially, to Ieave spacers 138 along the sidewalls of gafe

The etch i's
Next, as represented in Figure 8, a blocking

mask 136 is applied, which protects thick oxide
devices as thin oxide devices are defined. Exposed
portions of layers 132, 134 are selectively,
directionally etched, seguentially, to leave spacers
138 along the sidewalls of gate 120. The etch 1is
selective to nitride and oxide, causing the etch to
stop at oxide 116. The spacers 138, which include a
nitride portion 132' and oxide portion 134', insure
in thin oxide FETs a safe distance between their
channels and deeper portions of their source/drein
junctions and surface silicides.

After forming the spacers 138, deeper junctions
are formed at the source/drain extensions by
implanting additional dopant of the same type.
Starting with N-~type, dopant is implanted into the
devices’' source/drain regions 140, 142 in Figure 9,
simultanecusly with doping polysilicon gates 120.
Then, this etch and implant is repeated for the
second type {(P-~type) FETs. These separate thin oxide
device definition steps allow deep junction formation
and dual work function gate formation in these thin
oxide device reglons independent of the other thicker

oxide FETs.



selective to nitride and oxide, causing the etch to stop at oxide 116. The
spacers 138, which include a nitride portion 132' and oxide portion 134",
insure in thin oxide FETs a safe di stance between their channels and deeper
portions of their source/drain junctions and surface silicides. After

form ng the spacers 138, deeper junctions are formed at the source/drain
extensions by inplanting additional dopant of the same type. Starting with
N-type, dopant is inplanted into the devices' source/drain regions 140, 142
in Figure 9, simultaneously with doping polysilicon gates 120. Then, this
etch and inplant is repeated for the second type (P-type) FETs. These
separate thin oxide device definition steps allpw deep junction formation
and dual work function gate formation in these thin oxide device regions

i ndependent of the other thihcker fxintiergFERe. thinAbkide fdevdawgs .t ket hi n

oxi de devices, the remgipin iﬁﬁpé’éaeodseoc?“o%d%i?}g”Qnép%‘%eP"éﬂ%J Al S
renoved using a dip etch, i ch eXposes sourcé/drain junctions 140, 142°and
n-wel | contacts (not SKESRNEIBROTRY Ry dipslkettB6 WBicknovrebdy sovrasdcopinat e
strip. The remaining nistiicdecspaces, 132 aRasnawsmml Loptidd defab 144t hat
spaces subsequently forned silicide at a safe distance from gate conduct or
120 to prevent shorts. Blocking mask 136 is removed by an apprcdpriate strip.
The remaining nitride spacer 132' has a small nitride
tab 144 that spaces subsequently formed silicide at a
safe distance from gate conductor 120 to prevent
shorts.
Silicide 146 is formed simultaneocusly on
source/drains 140, 142, and thin oxide {(logic)
polysilicon gates 120 both for PFETs and NFETs. N-
well contacts (not shown) may be silicided at this
point as well. Nitride layer 132 and remaining oxide
film 132 prevent silicide formation on gates 128.
Finally, having thus formed two unigque FET
structures on the same chip, appropriate
semiconductor processing steps are employed to
complete formation of the IC chip. One important
consideration in subsequent fill and heat cycles is
that thermal cycles must be consistent with silicide
stability requirements. Thus, a low-temperature BPSG
£ill using a high-density plasma fill techniqgue is
preferred for subsequent fill and then, reflow at
<750°C over the completed structure 100 of Figure 9.
Alternatively, oxide spacers 134 described above
may be formed from doped glass such as BPSG. Spacers
thus formed are not removed as described above, but
instead, become part of the subsequent fill, to

simplify the overall process flow.



Silicide 146 is fornmed sinultaneously on source/drains 140, 142, and thin
oxide (logic) polysilicon gates 120 both for PFETs and NFETs. N well
contacts (not shown) nay be silicided at this point as well. Nitride |ayer
132 and remaining oxide film 132 prevent silicide formation on gates 128.
Finally, having thus fornmed two uni que FET structures on the sane chip,
appropriate sem conduct or processing steps are enployed to conpl ete
formation of the IC chip. One inportant consideration in subsequent fill
and heat cycles is that thermal cycles nust be consistent with silicide
stability requirenents. Thus, a |owtenperature BPSG fill using a

hi gh-density plasma fill technique is preferred2for subsequent fill and
then, reflow at <750[err]C over the conpleted structure 100 of Figure 9.
Al ternatively, oxide spacerd©138sgbstRy Fuk iygre PEYOBe™EBE nkd %o doped
gl ass such as BPSG Spagg! SiHcusnf REMeshane it H-e¥oyed~ascdeseri bed above,
but instead, becone part of the subsequent fill, tQq sinplif%Fthe over al,

process fl ow. 12 ThSTEtitng prefety ddemeddicnreRENFES chif pr B H Chilh
wherein RAM and | ogi ¢ bhaye Deergeerged successfully without the normal
penal ti es incurred in such g ferggr. ; WLl dhe Jnwenti 9 hag,peen. desgld bed
0of a single preferred embodiment, those skilled in
the art will recognize that the invention can be
practiced with meodification within the spirit and

scope of the appended claims.



of a single preferred enbodinent, those skilled in the art will recognize
that the invention can be practiced with nodification within the spirit and
scope of the appended cl ai ns. 13 CLAIMS W claim 1. A et hod of
formng an integrated circuit chip, said nethod conprising the steps of: a)
selectively formng a gate stack on a sem conductor wafer, said gate stack
including a first dielectric layer, said first dielectric |ayer having a
first thickness; b) form ng a second dielectric |ayer on said

sem conductor wafer, said second dielectric |layer having a second thickness
different than said first thickness; c) formng at |east one first gate
on said second dielectric layer; d) selectively renoving portions of said
gate stack to define at |east one second gate; e) form ng conduction

regi ons adjacent said first type gate; and fgLAIMSrm ng conduction regions
adj acent said second type gate. 2. The nethod of claim1, wherein said at

| east one first gate is a plurality of first gates and said at
We claim:

1. A method of forming an integrated circuit chip,
said method comprising the steps of:

a) selectively forming a gate stack on a
semiconductor wafer, said gate stack including a
first dielectric layer, said first dielectric layer
having a first thickness;

b) forming a second dielectric layer on said
semiconductor wafer, sald second dielectric layer
having a second thickness different than said first
thickness;

c) forming at least one first gate on said
second dielectric layer;

d) selectively removing portions of said gate
stack to define at least one second gate:

e) forming conduction regions adjacent said
first type gate: and
£) forming conduction regions adjacent said

second type gate.

2. The method of claim 1, wherein said at least one
first gate is a plurality of first gates and said at
least one second gate is a plurality of second gates
and wherein at least one of said plurality of first
gates is a first conduction type and at least one of
said plurality of second gates is said first

conduction type.
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| east one second gate is a plurality of second gates and wherein at | east
one of said plurality of first gates is a first conduction type and at

| east one of said plurality of second gates is said first conduction type.
14 3. The nethod of claim2, wherein at |east one of said plurality of
first gates is a second conduction type and at | east one of said plurality
of second gates is said second conduction type. 4. The nmethod of claim 2,
wherein the first thickness.is greater than the second thickness. 5. The
met hod of claim4, wherein the step (a) of selectively formng the gate
stack conprises the steps of: 1) formng said first dielectric |ayer on
sai d sem conductor wafer; 2) formng a layeréd conductor on said first
dielectric layer; 3) sel ectively renoving said | ayered conductor to
re-expose said first dielectric layer in selected areas; and 4) renovi ng
exposed said first diebectrite raybprd 6f cldhe vethededh ekailprStwheeedn t he .

sem conductor wafer Issgidl Qﬂ.ag@‘!vt Be First SU&lLaly iCskayfh aB8alleson
second dielectric |ayer are oxide fayers.
type and at least one of said plurality cf second

gates 1s said second conduction type.

4, The method of claim 2, wherein the first

thickness is greater than the second thickness.

5. The method of claim 4, wherein the step {(a) of
selectively forming the gate stack comprises the
steps of:

1) forming said first dielectric layer on said
semiconductor wafer:

2) forming a layered conductor on said first
dielectric layer;

3) selectively removing said layered conductor
to re-—-expose said first dielectric layer in selected
areas; and

4) removing exposed said first dielectric

layer.

6. The method of claim 5 wherein the semiconductor
wafer is silicon and the first dielectric layer and

the second dielectric layer are oxide layers.

7. The method of claim 6 wherein the step (2) of
forming the layered conductor comprises the steps of:
i) forming a layer of polysilicon on said

first oxide layer; and
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7. The nethod of claim6 wherein the step (2) of formng the |ayered
conductor conprises the steps of: i) formng a |l ayer of polysilicon on
said first oxide |layer; and 15 ii) formng a silicide |ayer on said
pol ysilicon | ayer. 8. The met hod of claim7 wherein the step (2) of
form ng the | ayered conductor further conprises the step of: iii) formng a
nitride |layer on said silicide |layer. 9. The nmethod of claim7 wherein
the step (3) of selectively renoving said | ayered conductor conprises
reactive ion etching said | ayered conductor to re- expose the thicker first
oxi de |l ayer. 10. The nmethod of claim®6 wherein _the step (c) of formng the
first gates conprises the steps of: 1) forniﬁé a polysilicon | ayer on
said wafer; and 2) sel ect.i, el¥ removin %gid(polysili%gnslager, r emai ni ng
said polysilicon |ayer forritng S3FHFF r3t>yat e 1Y h& nd8ehdd of claim 10
wherein the step e) ofpdigrsmingothéaferst gates' conduction regions
conprises the steps of: 1) depositing a layered dielectric on said

8. The method of claim 7 wherein the step (2) of

forming the layered conductor further comprises the

step of:

iii) forming a nitride layer on said silicide

layer.

9. The method of claim 7 wherein the step (3) of
selectively removing said layered conductor comprises
reactive ion etching said layered conductor to re-

expose the thicker first oxide lavyer.

10. The method of claim 6 wherein the step (c) of
forming the first gates comprises the steps of:

1) forming a polysilicon layer on said wafer;
and

2) selectively removing said polysilicon
layer, remaining said polysilicon layer forming said

first gates.

11. The method of claim 10 wherein the step e) of
forming the first gates’ conduction regions comprises

the steps of:

1) depositing a layered dielectric on said
wafer;
2) selectively etching said layered dielectric

to form sidewall spacers adjacent identified first

conduction type first gates;
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waf er; 2) selectively etching said |ayered dielectric to form sidewall
spacers adjacent identified first conduction type first gates; 16 3)

i npl anting a dopant of said first conduction ,type into said identified
first gates and said identified first gates' conduction regions; 4)
selectively etching said | ayered dielectric to formsidewall spacers

adj acent identified second conduction type first gates; and 5) i npl anti ng
a dopant of said second conduction type into said identified first gates
and said identified first gates' conduction regions. 12. The nethod of
claim 11l wherein the step e) of formng the fiygt gates' conduction regions
further conprises the step of: 6) depositing silicide on said first gates
and said first gates' condggti odnpBHHONSY a dopant of said first

conducticn type into said identified first gates and
said identified first gates’ conductien regicns;

4) selectively etching said layered dielectric
to form sidewall spacers adjacent identified second
conduction type first gates; and

5) implanting a dopant of said second
conduction type into said identified first gates and

said identified first gates’ conduction regions.

12. The method of claim 11 wherein the step e} of
forming the first gates’ conduction regions further
comprises the step of:

6) depositing silicide on said first gates and

said first gates’ conduction regions.
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