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RELATED APPLICATIONS

This application is related to and is being filed concurrently with IBM Docket No.
HQ9-95-040 entitled "A Method of Manufacturing An Insulated Gate Field Effect
Transistor", USPTO Serial No. 08/688.346, and IBM Docket _No. HQ9-96-053, entitled
" An Insulated Gate Field Effect Transistor", USPTO Serial No. 08/688,457, both of

which are assigned to the Assignee of this application.

FIELD OF THE INVENTION
This invention relates generally to the manufacturing of semiconductor devices,

and more particularly to an integrated circuit formed on a semiconductor wafer.’

BACKGROUND OF THE INVENTION

High performance and density are primary objectives of Integrated Circuit (IC)
chip design. One way chip designers approach both of these objectives is by making
devices and device features smaller. The smaller the device feature (and other circuit
features), the tighter that circuit devices can be packed together and, consequently, the
higher the circuit density. The tighter together the circuit devices are packed, the lower
the wiring loads and, consequently, the faster the circuit, i.e., the higher the circuit
performance: So, semiconductor process designers concentrate on reducing device

features to make devices smaller and smaller.



"An’Insufated Gate Field Effect Transist or", USPTO Serial No.-08/688, 457, .
both of which are assigned to the Assignee of this application. FI ELD OF

. THE | NVENTI ON This invention relates generally to the manufacturing
of sem conductor devices, and nore particularly to an integrated circuit
formed on a sem conductor wafer. BACKGRQUND OF THE | NEVENTI ON © High
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(and. other ci rCUi)itage and threshold voltage (V.) to the point where the
device may be unusable. Sé, other device parameters such as,
channel doping, source/drain doping and gate oxide thickness
are altered to compensate for device characteristic changes.
Normally, the channel'dop_ing profile is altered to compensate
for effects of the shorter channel (short channel effects).
However, changes in the doping profile raise the V,, so the
doping profile change is usually aécompanied with a thinner
gai:e oxide to lower the V.. Thinning the gate oxide
intensifies the electric field from the gate on the channel.
Consequently, gate capacitance per unit area is increased,
gate area 1is decreased, and channel transconductance is
increased. Overall, circuit performance improves.

Unfortunately, as device features shrink, what had been
considered superficial imperfections for older larger devices
are significant flaws. Thinner gate oxide makes devices more
susceptible to these flaws causing leakages and defects that
reduce chip yield and impair chip reliability. Yield loss
related -increase in chip cost is easy to quantify because
completed wafer cost must be recovered from fewer chips.
Reduced reliability related cost, cost from chips failing in
normal use, is a more expensive problem. . These reliability
failures are more expensive because they cause system down
time and because of the field cost associated with finding the

failing component in an assembled system containing many
chips.’

FIG. 1 is a cross-sectional representation of an FET
built in a 64M DRAM process. There are two deep trenches 100
on either side of the FET 102 that isolate it from adjacent
FETs. An oxide collar 104 along the trench 100 sidewalls 106
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fedtures), the tighter that circuit devices can be packed together and,
consequently, the higher the circuit density. The tighter together the
circuit devices are packed, the lower the wiring |oads and, consequently,
the faster the circuit, i.e., the higher the circuit performance. So,

sem conductor process designers concentrat® on reduci ng device features to
make devi ces small er and 2

smal | er . -
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characteristi ctrench asdpisehfenreiagiple, a Dynamic Random Access Memory
(DRAM) cell capacitor storage plate. The gate of the FET 102

is formed by. a polysilicon word line 110 that runs across a
thin gate oxide layer 112 the width of the FET 102. FET
current. flow, from drain to source (not shown), is
perpendicular to the polysilicon gate and the word line 110.

A depression 114 was formed at each side of the channel
when excess oxide was removed from the collar 104.
Furthermore, collar 1045 oxide formation rounded the channel
sides 116. Consequently, the channel 102, while nearly planar
in the center, is rounded at its sides 116. The depression
114 and rounding are flaws that were considered superficial
artifacts for larger featured FETs. However, for a '64M DRAM
process, they are not superficial. Poly in the depression and
on the rounded sides 114 enhances the E-field so that it is
much more intense there than on the rest of the channel. As
a result of this intensified E field, the channel sides have
a lower V, than the rest of the channel. 8o, the channel does
not turn on at one uniform gate to source voltage (V).
Instead, the sides 114 turn on before and off after (i.e. with
a smaller V,) the rest of the FET 102.

While this condition might be negligible for logic, it is
unacceptable for a DRAM pass gates, because it increases pass
gate channel leakage. Pass gate channel leakage allows stored
charge on the storage plate to dissipate faster. This
shortens DRAM retention time, i.e., the length of time that
data may be stored in a DRAM cell without it needing to be
reinforced or refreshed. Generally, refresh frequency is
minimized because during refresh, the DRAM is unaccessible or
unavailable. However, a DRAM cell with a short retention time
must be refreshed more frequently than a cell with a long



vol fage &nd threshold voltage (V[err]) to the point where the device nmay be
unusabl e. So, other device paraneters such as, channel doping, source/drain
dopi ng and gate oxide thickness are altered to conpensate’ for device
.characteristic changes. Normally, the channel doping profile is altered to
r conpensate for effects of the shorter channei (short channel effects).

- However, changes in the doping profile raise the V[err], so the doping
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is increased, gate area Is decreased, and channel transconductance 1I's

i ncreased. Overall, circuit’ performance inproves. Unfortunately, as
devi ce features shrink, what had been considered superficial inperfections
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i ncrease in chi pFiebshapgetkgakagequanti fy because conpl eted wafer cost must
be recovered from fewer chips. ' -

_ It is another purpose of the present invention to
selectively reduce channel variations in FET threshold
voltage.

It is another purpose of the present invention to
increase DRAM cell retention time.

It is yet another purpose of the present invention to
reduce FET feature size.

It is yet another '‘purpose of the present invention to
selectively reduce FET feature size without reducing DRAM cell
retention time.

It is yet another purpose of the invention to selectively
reduce FET feature size without increasing channel leakage.

It is yet another purpose of the invention to improve
threshold voltage uniformity on reduced feature size FETs.

It is yet another purpose of the invention to reduce
channel leakage and variations in threshold voltage without
impairing DRAM cell retention time for reduced feature size
FETs.



Redluced reliability related cost, cost fromchips failing in normal use, is
~a nore expensive problem These reliability failures are nore expensive
 because they cause system down tine and. because of the field cost
~associated with finding the failing conponent in an assenbl ed system

cont ai ni ng many chi ps. - FIG 1 is a cposs-sectional representation of
an FET built in a 64M DRAM process. There are two deep trenches 100 on

ei ther side of tHPMARY QB THE ANVENEIONe it from adj acent FETs. An oxide

col lar 104 al ong t he Theeprdseki iavélesiainl $s HiGintegrated circuit including

3 T a plurality of first FETs with uniform gate oxide and a
plurality of. second FETs isolated on either side by a trench.
Each second FET has a dielectric layer in the isolating trench
along at least one side. The dielectric layer which may be an
ONO layer has an oxidation catalyst diffused into it. The
oxidation catalyst may be potassium. A gate oxide along the
side of the second FET in close proximity to the ONO layer is
thicker than gate oxide between both sides.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1l is a cross-—-sectional representation of an FET in
a DRAM made by a prior art manufacturing process.

FIGs. 2A-F represent the steps in forming a preferred
embodiment FET.

FIGs. 3A-C represent the steps in selectively forming
FETs with enhanced gate oxide and FETs with unenhanced gate
oxide on the same chip.

FIG. 4 is a plot of oxide thickness T, versus Potassium
concentrate.

FIG. 5 1is an image from a Transmission Electron
Microscope (TEM) at a corner of an FET grown according to a
prior art method.

FIGs. 6A-B are TEM images of FETs grown according to the
present invention.
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| sél ates the FET 102 from polysilicon 108 that fills the trench and is, for.
exanpl e, a Dynam ¢ Random Access Menory (DRAM cell capacitor storage

pl ate. The gate of the FET 102 is formed by. a polysilicon word |ine 110
that runs across a thin gate oxide |layer 112 the width of the FET 102. FET
current flow, fromdrain to source (not shown), is perpendicular to the

pol ysilicon gate andFdfe Wodd8 Ri teblig (comprising\ efeasited spbnpanameterst @fned
at each side of rEws,charowel adwrdenGess @hedpries LeBOWERN! rpNpidiergell ar
104. Furt her nor egpyddim@ht 19 0xi de formati on rounded the channel sides 116.
Consequently, the channel 102, while nearly planar in the center, is
rounded at its sides 116. The depression 114 and rounding are flaws that
were consi dered superficial artifacts for |larger featured FETs. However,
for a 64M DRAM WESCRIPTIONCOF aAHR PREFERRES' EMBODIMENTS| Yy in the depression

and on the rounded Siglgs ELARENIRGER AAE f T fe?Oahlialknb! debclHEN o0r &

i ntense there than on t

intensified E fit®ing,&henfETe| §?‘Ge§Eﬂa9§ &hFoRE?s?Rt tjrfﬁ’r?‘-‘ﬂ’r@“rég? 8f the
channel . So, thethickenrcgattpoxide along channel sides than on the interior of

the channel. A layer of silicon Oxide-silicon Nitride-silicon
Oxide-(ONO) formed at the sides of the channel region includes
a catalyst that enhances local oxide formation. The preferred
catalyst is potassium. ' -

FIGs. 2A-F represent the steps in forming the preferred
embodiment FET which is essentially as depicted in Fig. 2F.
First, in FIG. 2A, deep trenches 120 are formed in a
'semiconductor layer (or wafer) 122. Prior to forming trenches
120, a pad dielectric stack, represented by layer stack 121,
is formed on the semiconductor layer 122. The trenches 120
'are etched through the pad stack 121 and into the wafer 122 to
isolate and define an FET region 124. A channel, source and
drain will be formed in this defined FET region 124.
Preferably, the semiconductor layer is silicon. . In the
preferred embodiment, the FET, when compiete, is a passgate
transistor of a Dynamic Random Access Memory (DRAM) cell. The
DRAM cell's storage capacitor plate is formed in the trench
120.

In FIG. 2B, an ONO layer 126 is conformally formed on the
pad stack 121 and in trenches 120. Although referred to as a
single layer, it is understood that the ONO layer 126 is a
thin nitride layer sandwiched betwéen two thin oxide layers.
The ONO layer 126 lines the trenches 120, extending vertically



not turm on at one uniformgate to source voltage (V[err]). Instead, the
sides 114 turn on before and off after (i.e. with a smaller V[err]) the
rest of the FET 102. ‘While this condition mght be negligible for
logic, it is unacceptable for a DRAM pass gates, because it increases pass
gate channel | eakage.. Pass gate channel | eakage allows stored charge on the
storage plate to dissipate faster. This shortens DRAM retention tine,
i.e., the | engtdlionfy thereitihatofdebeh naegnbh Kilopask itheasDdFANect?28 ofi theut it
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In FIG. 2C, the polysilicon layer 130 is removed fron[
above the pad stack 121 so that polysilicon 132 remains only
in the trenches 120. Preferably, the polysilicon layer 130 is
removed using Chemical-Mechanical Polish (CMP). Polishing the
polysilicon layer 126 also removes most of the ONO layer 124
lying on the pad stack 121 such that ONO remains mainly in the
trenches 120. After CMP, residual ONO layer 124 is removed
from the pad stack 121. Then, the remaining polysiiicon 130
is etched by Reactive Ion Etching (RIE) such that the
remaining poly 132 in the trenches is recessed beneath the
wafer surface 128, preferably, by 1.3um. The preferred slurry
for removing the poly layer 130 is a poly slurry in Potassium
Hydroxide, preferably < 0.1% KOH. The silicon nitride in the
ONO layer 126 is a diffusion barrier to the potassium in the
slurry. So, potassium diffuses into the ONO layer 126, i
through the outer oxide and collects at the nitride.
Optionally, to enhance the level of collected potassium, fihe
wafer may be dipped in a tank of KOH solution.

These steps of polishing the poly layer 130 with a slurry
containing KOH and:- the optional dip are contrary to
conventional semiconductor chip manufacturing practices.
Normally, such a use of potassium is avoided in semiconductor
chip manufacture because potassium readily diffuses into
silicon. Therefore, using a KOH slurry would, effectively,
poison the silicon, making it unusable for forming FETS.
However, the ONO layer 126 blocks diffusion of the potassium
and instead, collects the potassium along the interface
between the outer oxide and the nitride.

,



4 retenti'on tine. Consequently, a short retention tinme is undesirable.
Thus, it is inportant to mnimze channel |eakage and so, to nake FETs
wi th planar channels for DRAMs. PURPOSES OF THE | NVENTI ON It is a
purpose of the invention to selectively reduce FET channel | eakage.

It is another purpose of the present inveation to selectively reduce

channel variations ipn EET threshold voltage. It .1 s _anothe ose
of the present i nvedHi (¢ iigredDe PRARREA? | SPHE 80 26, AgLocet ety

formed in the trenches 120 on the poly 132, aloné the ONO
layer 126. After forming the-collars 134, another N' poly
layer 136 is:formed on the wafer 122. This second poly layer
136 re-fills the trenches 120 with polysilicon.

In FIG. 2E, the poly layer 136 is removed from the pad
stack 121 using CMP and RIE such that poly 140 remains only in
the trenches 120. The poly 140 in the trenches 120 is
coplanar with, or, slightly recessed from the wafer surface
128. As in the previous poly removal step, the preferred
slurry is a poly slurry with < 0.1% KOH. A screen oxide layer
{not shown) is grown in dry O, on the exposed pad stack 121
and poly 140, taking care to avoid removing the potassium from
along the ONO layer 128. Then, N or P wells (if required) are
defined. Next an appropriate dopant(s) is (are) ion implanted
for channel tailoring. Then, the implanted dopant is diffused
to the wafer as desired to bulk dope the silicon substrate
122,

After diffusing the implanted dopants, the screen oxide
layer and pad stack layers 121 are removed and gate oxide may
be grown. The potassium along the ONO layer 126 in the
trenches 120 that was collected by the nitride is a catalyst
for silicon oxidation. $So, as depicted in FIG. 2F, the gate
oxide is thicker along the sides 142 of the channel, i.e., in
close proximity to the ONO layer 126.

'As represented in FIGS. 3A-C, the ONO layer may be
selectively removed in non-array areas 150, prior to growing
gate oxide. This results in transistors with enhanced side
oxide in arrays 152 and normal transistors with unenhanced
oxide in non-array areas 150. So, in FIG. 3a, all Eievices,
both in array areas 152 and in non-array 150, are processed as
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It Ts yet another purpose of the present invention to reduce FET feature

si ze. It is yet another purpose of the present invention to
~selectively reduce FET feature size without reducing DRAM cell retention
Ctiome. It is yet another purpose of the invention to selectively
- reduce. FET feature size w thout increasing chagnnel |eakage. It is

-yet another purpose of the invention to inprove threshold voltage
uni fornity on r S§EEEEPELaphPEeSifoE Mitps preferred | pmbadimenty eransdissarpose

of the inventiorthrougkdude ciravelal/Plecldageetindtiani anhdonmiikn dépiashohs
vol tage without dedpaibédhddRAM.Ceh |rdRtentd Ao FigE JgQr reduced feature size
However, prior to gate oxide formation, in FIG. 3B, a
masking layer 154 is formed to define shallow trenches 156 in
non-array areas 150, After forming the shallow trench pattern
in masking layer 154, the shallow trenches 156 are etched.
The shallow trenches extend beyond the deeper trenches 120
and, iso, the ONO layer is removed from the vicinity of channel
areas 158, 160, 162 in the non-array area 150. '

Finally, in FIG. 3C, gate oxide 164 is formed and the
poly word line 146 and poly gates 166 are patterned from a
poly layer formed on the gate oxide layer 164. An integrated
circuit thus formed has FETs with essentially uniform gate
oxide thickness in non-array areas 150 and with enhanced gate
oxide in array areas 152.

EXAMPLES
FIG! 4 is a plot of increase in oxide (T,) thickness
verses Potassium concentrate. Increasing the level of

accumulated potassium increases the gate oxide thickness at
the channel sides. Further, this increase in gate oxide
thickness extends horizontally from the sides into the
channel. The extent of the increased oxide thii:kness, both
vertically and horizontally is dependent upon the level of
potassium collected in the ONO layer. If the accﬁmulated
potassium level is increased sufficiently then, the gate oxide
thickens across the entire device. The increase in thickness
is inversely proportional to the horizontal distance from the
ONO layer 124 (ife. from the potassium catalyst).
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SUMVARY OF THE ] NVETI ON It
an object of the present invention to aneliorate one or nore di sadvant ages

:there is provided an integrated circuit chip including a plurality of
first FETs with a gate oxide of essentially uniform thi.ckness forned
. first FET formng region and a plurality of second FETs with a

In addition, growth temperature and growth media affect
the amount of increase in local oxide thickness derived from
the presence of potassium catalyst. The side to center oxide
thickness difference is much more pronounced, i.e., mnuch
thicker at the device sides than in the device center, for
gate oxide grown at 900°C in dry O, than for gate oxide grown
at 800°C. in wet O,.

FIG. 5 is a Transmission Electron Microscope (TEM) image
of an FET corner {a cross-section at a side) grown according
to the prior art at 900°C in O,. For this prior art FET,
corner T, (T, along the side of the channel) is 8% thinner
than center T, (in the center of the channel). Thus, this
prior art FET has a lower corner V, due to this thinner corner
T, and due to the more intense E-field from the poly both
horizontally along the top channel area and vertically along
the side (in the trench).

FIG. 6A is a TEM image of an FET corner grown at 800°C in
wet O, according to the present invention. For this preferred
embodiment FET, corner T, is 30% thicker center T_. Thus, the
V. is elevated along the channel sides over that of the prior
art FET. Further, the E-field is attenuated somewhat by the
thicker corner T,

FIG. 6B is a TEM image of a preferred embodiment FET

~corner grown at 900°C in dry O,. For this preferred

embodiment FET, the corner T, i1s 70% thicker than center T
The thickened oxide along the side of this preferred FET
raises the corner V, nearly to that of the center channel V..

in
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the prior art. According to one aspect of the present invention
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gat & oxi fle-of nonuniformthickness fornmed in a second FET form ng region,
‘wherein: said first FET form ng region each conprising: first and second

i sol ati on trenches

formed in said sem conductor substrate defining a first

intervening FET region, said first and second isolation trenches havi ng
trench sidewalls defining first and second- sides of said first FET region,
and a first interior FET region being cthtrally |ocated between and spaced
fromsaid first and Beeaadisi desref. 9aid 4 idompabison egi anprio:d iaigt 1g@ad e

oxi de located Q&&S%ﬂé@' soglﬁélziji%f gkrg tefr%glw %@féﬁé& &%Bglﬁéq
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equal to.the center channel V.. By contrast, the corner V, of
the prior art FET is 75% that of the corner V., of the
preferred embodiment FET. So, for the preferred embodiment
device; the retention yield at 256ms {the time that charge is
held in a cell) is more than 2.6 times that of the prior art

on said first
spaced from sai

FET.

While the present invention is described in terms of

preferred embodiments, it is understood that numerous
variations and modifications will occur to a person skilled in
the art without departing in épirit from the claimed
invention. It is intended that the scope of the claims

include those modifications and variations that fall within
the spirit of thé invention.



first and second sides of said first FET region; and said second FET

form ng regi on each conprising: spaced-apart third and fourth isol ation
trenches fornmed in said sem conductor substrate defining a X

i ntervening FET region, said third and fourth isolation trelmﬂm“l"l""r"m"l“l
trench sidewalls defining first and second:sides of said secdnd‘FE¥Y r&gi®on,*
and a second interior FET region being centrally |ocated between and

"spaced fromsaid first and second sides of %&id second FET region, a
dielectric | ayeWE_€BMEME ni ng pot assi um as an oxi dati on catal yst on and

al ong sai d trenah- siKewakbgratin adiregitsahtp SecididfFd plegatity >second gate
oxi de |ocated di reCté‘%rso%% IQnggfﬂp%aﬁEEIxic? SNy a Bigrﬁ%?ﬁgfg%éo X1 de

ext endi ng bet ween sal tren es and across “said surtface of

sai d second FET regi®fts vvl’?é’rlé‘ltﬁdsapdeééﬁ%osﬂjﬁ SV dFengh gnd further

comprising:

a dielectric layer along a side of each said second FET
in said isolating trench;

an oxidation catalyst in said dielectric layer; and,

gate oxide along said second FET side at said dielectric
layer being thicker than gate oxide between both said
second FET sides. '

2. The integrated circuit chip of Claim 1 wherein the
plurality of second FETs further include an oxide collar
on each side of each of said second FETs.

3. The inf:egrated circuit chip of Claim 1 wherein said
dielectric layer is an ONO layer. :

4. The integrated circuit chip of Claim 1 wherein said
oxidation catalyst is potassium.

5. The integrated circuit chip of Claim 1 wherein said
plurality of First FETs are isolated on either side by a
trench.
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‘5a ' grieéter thickness where said second gate oxi d?FsaoljacW‘r?eets

'said dielectric layer |lining said first and second|gi cond
FET regi on than where said second gate oxide is Ioummmuﬂ"mlj Wond
interior FET region that is centrally |ocated betweeh ahd L space romsaid

first and second sides of sai d second FET 7é&gi on. According to

anot her aspect @of thg 4 {i@ﬁ%h?e%hgge{rﬁzéﬁrlﬁlﬁ %hﬁﬂfﬂiﬁ'%f ot err%%ed

circuit chip includin gate oXI|

essential ly unifornfEt '?ﬁl ¥ é’s“"ffBFﬁe‘éatae fide ¥ & BlnralivefoFesrada
plurality of secondFFEFsigplated qux eithrrdeidé Ppwnuntfenah tdnd kivedderor med
in a second FET forgbrgri€iiqan, wherein: said first FET form ng region
each conprising: first and second isolation trenches forned in

an ONO layer along a side of each said second FET in said

isolating trench;
potassium in said ONO layer; and

gate oxide along said second FET side at said ONO layer
being thicker than gate oxide between both said second
FET sides. -

7. The integrated circuit éhip of Claim 1 wherein the
plurality of second FETs further include an oxide collar
on each side of each of said second FETs.

8. The inti'agrated circuit chip of Claim 6 wherein said
plurality of First FETs are isolated on either side by a
trench.
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saitd- semi conduct or substrate defining.p first intervening FET region, said .
first and second isolation trenches having trench sidewalls defining first
and second sides of said first FET region, and a first interior FET region
being centrally | ocated between and spaced fromsaid first and second
sides of said first FET region, a first gate oxide |ocated directly on
said first FET region, said first gate oxi e extendi ng between said first
and second trenches and across said surface of said;first FET region,
wherein said first gate oxide has essentially uniformthickness where both
adj acent and neeting said first and second sides of said first FET region
and where said first gate oxide is located on said first interior FET
region that is centrally | ocanpINEECRATED CIRCAITACHIPOM said first and
second sides of said first FET region; and said second FET form ng region
each conprising: spaced-apart third and fourth isolation trenches forned
in said

ABSTRACT

An integ'rat'ed circuit with FETs having an essentially uniform gate oxide thickness
and FETs having gate oxide thickness enhanced along the sides. FETs with enhanced
gate oxide (164) have an ONO layer diffused with Potassium in close proximity to the
enhanced (thicker) oxide, and, as a result, have a slightly higher V; and much more

attenuated soft turn on.

Fig. 3C
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sem%cgﬁdgg&br-substrate defining a second intervening FET region, said )
third and fourth isolation trenches having trench sidewalls defining first
and second sides of said second FET region,. and a second interior FET
regi on being centrally |ocated between and spaced fromsaid first and
second sides of said second FET region, an ONO | ayer '~ contai ning potassium
on and along said trench sidewalls bounding said second FET region, a
second gate oxide |ocated directly on saigisecond FET regi on, said second
gate oxide extending between said third and fourth trenches and across
said surface of said second FET region, wherein said second gate oxide has
a greater thickness where said -
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FIG. 1
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5b - sgcondegate oxide is adjacent and neets said ONO |l ayer lining said
first and second sides of said second FET region than where said second
gate oxide is |ocated on said second interior FET region that is centrally
| ocat ed between and spaced fromsaid first and second sides of said second
FET region. BRI EF DESCRI PTI ON OF THE DRAW NGS '
FIG 1 is a cross-sectional representation of an FET in a DRAM nade by a
prior art manufacturing process. H 1. 2A-F represent the steps in
formng a preferred enbodi nent FET. FI Gs. 3A-C represent the steps in
selectively formng FETs with enhanced gate

120 120

4 4

121 121
121 124 |

122

FIG. 2A



oxi de and FETs wi th unenhanced gate oxide on the sanme chip. FIG 4 is
a plot of oxide thickness T[err] versus Potassium concentrate. FIG 5
is an image froma Transm ssion Electron Mcroscope (TEM at a corner of

an FET grown according to a prior art method. ' FIGs. 6A-B are TEM

| mages of FETs grown according to the present invention.

FIG 7 is a table conprising electrical ﬁgrﬁmters of FETs, grown according
to the prior art with a preferred enbodi AL FET.
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DESCRLPTI ON OF THE PREFERRED EMBODI MENTS The present invention is an
FET and the process of form ng the FET. The FET of the present invention
has a thicker gate oxide along channel sides than on the interior of the
channel . A layer of silicon Oxide-silicon Nitride-silicon Oxide (ONO
formed at the sides of the channel region includes a catal yst that enhances
| ocal oxide formation. The preferred cat t is potassium FlI Gs.
2A-F represent the steps in formng the Sﬁeferred enbodi ment FET which is
essentially as depicted in Fig. 2F. First, in FIG 2A, deep trenches 120
are formed in a sem conductor |ayer (or wafer) 122. Prior to form ng
trenches 120, a pad dielectric stack, represented by |ayer stack 121, is
formed on the sem conductor |ay 122. The trenches 120 are_ é&28hed t hrough
the pad stack 121 and into t wafer 122 to isolate and define an FET
region 124. A channel, sourcg and drain will be fornmed {in this defined
FET region 124.
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Preferably,
enbodi nent ,

the seéemconductor layer is silicon. In the preferred
the FET, when conplete, is a passgate transistor of a Dynam c

Random Access Menory (DRAM cell. The DRAM cel |'s storage capacitor plate
is formed in the trench 120. In FIG 2B, an ONO | ayer 126 is
conformally formed on the pad stack 121 and in trenches 120. Al though
referred to as a single layer, it is un%z&gtood that the ONO |l ayer 126 is a

thin nitride | ayer sandw ched between t

hi n oxi de |l ayers. The ONO | ayer

126 lines the trenches 120, extending vertically
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al ong 4 he sides of each trench 120 past the surface 128 of the wafer 122
and along the pad stack 121. Next, an N+ polysilicon (poly) |ayer
130 is deposited on the ONO | ayer 126. In FIG 2C, the polysilicon

| ayer 130 is renmoved from above the pad stack 121 so that polysilicon 132
remains only in the trenches 120. Preferably, the polysilicon layer 130 is
renoved using Chem cal - Mechani cal Polish éi?P). Pol i shing the polysilicon

| ayer 126 al so renpoves nost of the oNO | & 124 lying on the pad stack 121
such that ONO renmains mainly in the trenches 120. After CMP, residual ONO

| ayer. 124 is renoved fromthe pad stack 121. Then, the renaining
polysilicon 130 is etched by Reactive lon Etching (RIE) such that the

remai ning poly 132 in the trenches is recessed beneath the wafer surface
128, preferably, by 1.3pm The1mef erred slurry for renovingj4dghe poly |ayer
130 is a poly slurry in Potagssium Hydroxi de, preferably <,.0.1% KOH. The
silicon nitride in the ONOfayer 126 is a diffusion barrifer to the

potassiumin the slurry. 0, pot assium di ffuses into thg ONO | ayer 126,
121 /1347L k ~ JBRER
128 121
128 | H 128
124
132
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132
122
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t hrough thecouter oxide and collects at the nitride. Optionally, to enhance
the I evel of collected potassium the wafer nay be dipped in a tank of KOH
. sol ution. These steps of polishing the poly layer 130 with a slurry
contai ning KOH and the optional dip are contrary to conventi onal

sem conductor chip manufacturing practices. Normally, such a use of
potassiumis avoided in sem conductor c ';ﬁ§anufacture because potassi um
readily diffuses into silicon. Therefore,” using a KOH slurry woul d,
effectively, poison the silicon, nmaking it unusable for form ng FETs.
However, the ONO | ayer 126 bl ocks diffusion of the potassium and instead,

coll ects the potassium along the interface between the outer oxide and the
nitride.

FIG. 2 F



Next, .in FILG 2D, an Oxide collar 134 is selectively formed in the trenches.
120 on the poly 132, along the ONO | ayer 126. After forming the-collars
134, another N+ poly layer 136 is forned on the wafer 122. This second poly
layer 136 re-fills the trenches 120 with pol ysilicon. In FIG 2E

the poly layer 136 is renoved fromthe pad stack 121 using CMP and RIE such
that poly 140 remains only in the trenches_120. The poly 140 in the
trenches 120 is coplanar with, or, ingﬁf%? recessed fromthe wafer surface

128. As in the previous poly renoval step, the preferred slurry is a poly
slurry with < 0.1%KOH. A n oxide | ayer (not shown) is grown in dry
O[err] on the exposed pad ckol121 and ly 140, taking care to avoid
renoving the potasSsiumfrp aléﬁg t he ayer 128. Then, Nor P wells (if
requi red) are defi nede Nek | ) is (are) ion inplanted
for channel tai{oringX Thep—the ;ﬁ“:antcwbdupaHL ifs diffused
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to the wafer as desired to bul k dope the silicon substrate 122. After
d|ffu5|ng the inplanted dopants, the screen oxide |ayer and pad stack

| ayers 121 are renoved and gate oxi de may be grown. The pot assi um al ong
the ONO | ayer 126 in the trenches 120 that was collected by the nitride is
a catalyst for silicon oxidation. So, as depicted in FIG 2F, the gate
oxide is thicker along the sides 142 of th channel, i.e., in close
proximty to the ONO | ayer 126. epresented in FIGS. 3A-C, the
ONO | ayer may be selectively renoved in non-array areas 150, prior to
growing gate oxide. This results in transistors with enhanced side oxide in
arrays 152 and normal transistors wth unenhanced oxide in non-array areas
150. So, in FIG 33(\ || devices, both in array areas 152 and in non-array

150, are processed 00 >
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9 descyki bedsabove for the preferred enbodi nent transistor, through the
N-wel |l /P-well definition and bul k doping as descri bed above with reference
to FIG 2E. However, prior to gate oxide formation, in FIG 3B, a
~maski-ng |ayer 154 is fornmed to define shallow trenches 156 in non-array
areas 150. After formng the shallow trench pattern in masking | ayer 154,

t he shall ow trenches 156 are etched. The shallow trenches extend beyond the
deeper trenches 120 and, so, the ONO Ia§%fl?s renoved fromthe vicinity of
channel areas 158, 160, 162 in the non-array area 150. Finally, in
FIG 3C, gate oxide 164 is formed and the
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poly word lime 146 and poly gates 166 are patterned froma poly |ayer
formed on the gate oxide llayer 164. An integrated circuit thus fornmed has
'FETs with essentially uniformgate oxide thickness in non-array areas 150
‘and with enhanced gate oxide in array areas 152. EXAMPLES FIG 4 is
a plot of increase in oxide (T[err]) thickness verses Potassium
concentrate. Increasing the |evel lgv gccunulated pot assi um i ncreases
the gate oxide thickness at the channel /des. Further, this increase in
gate oxide thickness extends horizontally fromthe sides into the channel.
The extent of the increased oxide thickness, both vertically and

hori zontally is dependent upon the | evel of potassiumcollected in the ONO
| ayer. ‘I f the accunul ated potassium | evel is increased sufficiently then,
t he gate oxide thickens across the entire device. The increase in thickness
Is inversely proportional to the horizontal distance fromthe ONO | ayer 124
(i.e. fromthe potassium catal yst). '
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12 s . B CLAIMS 1. An integrated circuit
chip including a pIurallty of flrst FETs with a gate oxi de of essentially
uni formthickness fornmed in a first FET form ng regiton and a plurality of
second FETs with a gate oxide-of nonuniformthickness fornmed in a second

FET formng region, wherein: said first FET form ng regi on each
conpri si ng: first and second isolation trenches forned in said
sem conduct or substrate defining 12715

348K S4-1m-11 108244




a first intervening FET region, said first and second isol ation trenches
having trench sidewalls defining first and second sides of said first FET
region, and a first interior FET region being centrally |ocated between
and spaced fromsaid first and second sides of said first FET region,

a first gate oxide located directly on said first FET region, said first
gate oxide extending between said fijpstjsand second trenches and across
said surface of said first FET region, wherein said first gate oxi de has
essentially uniformthickness where both adjacent and neeting said first
and SeC Gttt - Rt ' ] j de
is | ocat 3
bet ween b
regi on;




"spaced-apard third and fourth isolation trenches forned in said

sem conduct or substrate defining a second-intervening FET region, said
third and fourth isolation trenches having trench sidewalls defining first
and second sides of said second ‘FET region, and a second interior FET
‘region being centrally | ocated between and spaced fromsaid first and
~second sides of said second FET regionga/15 a dielectric layer containing
potassi um as an oxi dation catalyst on and along said trench sidewalls '

. boundi ng said second FET region, a second gate oxide |ocated
cdirectly on said second FET region, said second gate oxide extending
bet ween s ' -
'second FH

“wher e sai

FIG. 6B



13 second gate oxide is adjacent and neets said dielectric |ayer lining
said first and second sides of said second FET region than where said
second gate oxide is |located on said second interior FET region that is
centrally | ocated between and spaced fromsaid first and second sides of
sai d second FET region. 2. The integrated circuit chip of claim1
wherein the plurality of second FET formin region further include an

oxi de collar on each side of each of saﬂa/gécond FETs. 3. The integrated

circuit chip of claiml wherein said dielectric layer is an ONO

Device Type | Corner V; Iys 10um wide Retention Lid
channel V; Yield for GIDL
my A v @256ms
Preferred
Embodiment 1005 118 121 0 79%
Prior Art 740 120 1220 30%

FIG. 7




first® FETs are

| ayer..
of

The integrated circuit chip of cl
| sol ated on either side by
|ntegrated circuit chip of claim1l wherein the

SIHPIeT: pagedi

tor paged®.

at Bgﬁ%ﬁCEI\@NT SHE:? Sé

further includes an oxide collar on each s de Claim(sdf  spasedoionpagee
6. An integrated circuit chip including a pl uﬂaﬁ‘ieﬁmg(s) f pagsd  EEDspagetih..a
gate oxide of essentially uni form t hi ckness fj oidtsizct i r spage& T .for paged .....

region and a plurality of

thi ckness fornmed in a second %E@ﬂ}@r@r?ng reg|[lgg;%‘f'ﬁ'm):?ﬁlﬁle gn;[;;ﬂufs’&%?g%st

FET forming T e0isGR af2fbflct QMMid ficSdht invention tb bAIEHGHE SREOT SAAvaRDIpES-
trenches formed in said sem conductor substrate defl n| ng

the prior art.

According to one aspect of the present invention there is provided an integrated
circuit chip including a plurality of first FETs with a gate oxide of essentially uniform
thickness formed in a first FET forming region and a plurality of second FETs with a
gate oxide-of nonuniform thickness formed in a second FET forming region, wherein:
said first FET forming region each comprising: first and second isolation trenches
formed in said semiconductor substrate defining a first intervening FET region, said first
and second isolation trenches having trench sidewalls defining first and second sides of
said first FET region, and a first interior FET region being centrally located between and
spaced from said first and second sides of said first. FET region, a first gate oxide

~  located directly on said first FET region, said first gate oxide extending between said
first and second trenches and across said surface of said first FET region, wherein said
first gate oxide has essentially uniform thickness '\-a-'vhere both adjacent and meeting said
first and second sides of said first FET region and where said first gate oxide is located
on said first interior FET region that is centrally located between and spaced from said
first and second sides of said first FET region; and said second FET forming region each
comprising: spaced-apart fhird and fourth isolation trenches formed in said
semiconductor substrate defining a second intervening FET region, said third and fourth
isolation trenches having trench sidéwalls defining first and second sides of said second
FET region, and a second interior FET region being centrally locé_ted between and
spaced from said first and second sides of said second FET region, a dielectric layer
containing potassium as an oxidation catalyst on and along said trench sidewalls
bounding said second FET region, a second gate oxide located directly on said second
FET region, said second gate oxide extending between said third and fourth trenches and

across said surface of said second FET region, wherein said second gate oxide has a
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a first intervening FET region, said first and second isolation trenches
hav&ng trench sidewalls defining first and second sides of said first FET
region, and a first interior FET region being centrally |ocated between
‘and spaced fromsaid first and second sidgg of said first FET region,

a first gate oxide located directly on said first FET region, said first
gate oxide extending between said first and second trenches and across

sai d surfac Erc%{etr ;tgi'r%ﬂ;[l{flkg re 54id sEB Yate ¥H18E B dMjRhCarldl sdts SAl Widdeele 1iae

-essential l y~uni ness where both adjacent and neeting said first

‘and second fhi#gSsaff fifstiafld kédontl sided of 88id¥ecenidFPN eegion dhah whére shidostcendgatde
.1s located on said first interior FET region that Is centrally |ocated

bet ween andosiade thchtedrorssiid sédond tinteridr FETaegionithass oéntsalydotated betweeen and
regrom spaced from said first and second sides of said second FET region.

According to another aspect of the present invention there is provided an integrated
circuit chip including a plurality of first FETs with a gate oxide of essentially uniform
thickness formed a first FET forming region and a plurality of second FETs with a gate
oxide of nonuniform thickness formed in a second FET forming region, wherein: said
first FET forming region each comprising: first and second isolation trenches formed in
said semiconductor substrate defining a first intervening FET region, said first and
second isolation trenches having trench sidewalls defining first and second sides of said
first FET region, and a first inferior FET region being centrally located between and
spaced from said first and second sides of said first FET region, a first gate oxide
located dire_ctly" on .sai-d first FliiT region, said first gate oxide extending between said
first and second trenches and across said surface of said first FET region, wherein said
first gate oxide has essentially uniform thickness where both adjacent and meeting said
first and secopd sides of said first FET region and where said first gate oxide is located
on said first interior FET region that is centrally located between and spaced from said
first and second sides of said first FET region; and said second FET forming region each
comprising: spaced-apart third and fourth isolation trenches formed in said
semiconductor substrate defining a second intervening FET region, said third and fourth
isolation trenches having trench sidewalls defining first and second sides of said second
FET region, and a second interior FET region being centrally located between and
spaced from said first and second sides of said secbnd FET region, an ONO layer
containing potassium on and along said trench sidewalls bounding said second FET
region, a second gate oxide located directly on said second FET region, said second gate

oxide extending between said third and fourth trenches and across said surface of said

second FET region, wherein said second gate oxifle—has-a-gseaten_thinkms.s where said
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and sai d, second FET form ng regi on each conpri sing: spaced- apart

third and f
idef'i ning’ a

gurth isolation trenches formed in said sem conductor substrate
second intervening FET region, said third and fourth isol ation

trenches having trench sidewalls defini ngSLi rst and second sides of said

second FET
| ocat ed bet
.FET regi on,
‘trench side

region, and a second interior “FET region being centrally
ween and spaced fromsaid first and second sides of said second

s o e GoL At o RO Pl APl U038l i
of said second FET region than where said second gate oxide is located on said second

interior FET region that is centrally located between and spaced from said first and

second sides of said second FET region.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional representation of an FET in a DRAM made by a prior
art manufacturing process.

FIGs. 2A-F represent the steps in forming a preferred embodiment FET.

FIGs. 3A-C represent the steps in selectively forming FETs with enhanced gate
oxide and FETs with unenhanced gate oxide on the same chip.

FIG. 4 is a plot of oxide thickness T,; versus Potassium concentrate.

FIG. 5 is an image fr(_)m a Transmission Electron Microscope (TEM) at a corner of
an FET grown according to! a prior art method.

FIGs. 6A-B are TEM images of FETs grown according to the present invention.
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a second. gate oxide |located directly on sald second F region, said second
oxi de ,extendi ng between said third and fourth tr

sai'd surface of said second FET regi on, wherein said Jjggﬁm’?%-. has

‘a greater thickness where said second gatg oxide is gdjjacent and neefis
said ONO layer lining said first and second sides of [sgi dOdddAYIA99B=T
region than where said second gate oxide is |ocated orf 4aid second
interior
first and
‘circuit chi
.on either

FET region that is centrally I@E bet ween jand spaced Trom sid
second sides of said second region. 7)Fheintegrated,

P, Of A% RidPrfiederEsik hiRindudiny & phirdif o firss FETE Witth Gatd sidatord

side by a trench.
essentially uniform thickness formed in a first FET forming region and a plurahty of

second FETs with a gate oxide-of nonuniform thickness formed in a second FET
forming region, wherein:

said first FET forming region each comprising:

first and second isolation trenches formed in said semiconductor substrate defining
a first intervening FET region, said first and second isolation trenches having trench
sidewalls defining first and second sides of said first FET region, and a first interior
FET region being centrally located between and spaced from said first and second sides
of said first FET region,

a first gate oxide located directly on said first FET region, said first gate oxide
extending between said first and second trenches and across said surface of said first
FET reg'ion, Wherein said first géte oxide has essentially uniform thickness where both
adjacent and meeting said first and second sides of said first FET region and where said
first gate oxide is located on said first interior FET region that is centrally located
between and spaced from said first and second sides of said first FET region; and

said second FET forming region each comprising: _

spaced-apart third and- fourth isolation trenches formed in said semiconductor
substrate defining a second intervening FET region, said third and fourth isolation
trenches having trench sidewalls defining first and second sides of said second FET
region, and a second interior FET region being centrally located between and spaced
from said first and second sides of said second FET region,

a dielectric layer containing potassium as an oxidation catalyst on and along said
trench sidewalls bounding said second FET region, |

a second gate oxide located directly on said second FET region, said second gate
oxide extending between said third and fourth trenches and across said surface of said

second FET region, wherein said second gate oxide has a greater thickness where said

S
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6. An integrated circuit chip including a plurality

unlfornvgate oxide and a plurality of second FETs

side by d trench and further conpri si ng: an

side of each said second FET in said igolating tr h

in said ONO | ayer; and gate oxide along said se ond FET si de at sai d

ONO | ayer bei ng thicker than gate oxi de between b
second gate oxide is adjacent and meets said dielectric layer lining said first and second

sides of said second FET region than where said second gate oxide is located on said

second interior FET region that is centrally located between and spaced from said first

and second sides of said second FET region.

2.  The integrated circuit chip of claim 1 wherein the plurality of second FET forming

region further include an oxide collar on each side of each of said second FETs.

3. The integrated circuit chip of claim 1 wherein said diclectric layer is an ONO

| layer.

4. The integrated circuit chip of claim 1 wherein said plurality of first FETs are

isolated on either side by a trench.

5. The integrated circuit chip of claim 1 wherein the second FET forming region

further includes an oxide collar on each side of each of said second FETs.

6. An integrated circuit chip including a plurality of first FETs with a gate oxide of

essentialiy uniform thickness formed a first FET forming region and a plurality of

second FETs with a gate oxide of nonuniform thickness formed in a second FET forming
| region, wherein:

said first FET forming region each comprising:

first and second isolation trenches formed in said semiconductor substrate defining
a first intervening FET region, said first and second isolation trenches having trench
sidewalls defining first and second sides of said first FET region, and a first interior
FET region being centrally located between and spaced from said first and second sides
of said first FET region, '

a first gate oxide located directly on said first FET region, said first gate oxide
extending between said first and second trenches and across said surface of said first
FET region, wherein said first gate oxide has essentially uniform thickness where both
adjacent and meeting said first and second sides of said first FET region and where said
first gate oxide is located on said first interior FET region that is centrally located

between and spaced from . said first and second sides of said first FET region;
I —
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FET si des. 7. The integrated circuit chip of Cdaim11 wherein the
plurality of .second FETs further include an oxide coll ar———omnm each si de

of each of said second FETs. 8. The integrated circuit [ it (W16

wherein said plurality of First FETs gye isolated on_‘ m‘eﬂﬂ““mm\wm

trench. B S B N
and said second FET forming region each comprising:

spaced-apart third and fourth isolation trenches formed in said semiconductor
substrate defining a second intervening FET region, said third and fourth isolation
trenches having trench sidewalls defining first and second sides of said second FET
region, and a second interior FET region being centrally located between and spaced
from said first and second sides of said second FET region,

an ONO layer containing potassium on and along said trench sidewalls bounding
said second FET region,

a second gate oxide located directly on said second FET region, said second gate
oxide extending between said third and fourth trenches and across said surface of said
second FET region, .wherein said second gate oxide has a greater thickness where said
second gate oxide is adjacent and meets said ONO layer lining said first and second sides
of said second FET region than where said second gate oxide is located on said second
interior FET region that is centrally located between and spaced from said first and
second sides of said second FET region.

7. The integrated circuit chip of claim 6 wherein said plurality of first FETs are

isolated on either side by a trench.
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AN INTEGRATED CIRCUIT CHIP

ABSTRACT -
An integrated circuit with FETs having an essentially uniform gate oxide thickness

and FETs having gate oxide thickness enhanced along the sides. FETs with enhanced
gate oxide (164) have an ONO layer diffused with Potassium in close proximity to the
enhanced (thicker) oxide; and, as a result, have a slightly higher V; and much more |
attenuated soft turn on. | '

Fig. 3c
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