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APPLI CATI ONS Thi's application is related to and is being fi Mr'e P/
| concurrently with I BM Docket No. H®-95-040 entltl ed "A Method of
Manuf acturing An I nsul at ed Gate Field Effect

AN INSULATED GATE FIELD EFFECT TRANSISTOR \/

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 also IBM Docket No. HQ9-96-052
entitled "An Integrated Circuit Chip", USPTO Serial No. 08/688,458, both of which are
assigned to the Assignee of this application. |

FIELD OF THE INVENTION

This invention relates generally to semiconductor devices, and more particularly to

forming Field Effect Transistors.
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 feéture (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.



Transistor”, USPTO Serial No. 08/688,346, and al so | BM Docket No.
. H-96-052 entitled "An Integrated Grcuit Chip", USPTO Serial No.
08/ 688, 458, both of which are assigned to the Assignee of this

appl i cation. FI ELD OF THE | NVENTI ON This invention relates
generally to sem conductor devices, and re particularly to formng Field

Ef fect Transistors. BACKGROUND OF THE TNVENTI ON
| Just shrinking Field Effect Transistor (FET) channel

length alters device characteristics such as punch through
voltage and threshold voltage (V,) to the point where the
device may be unusable. So, 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.doping profile is altered to compensate
for effects of the shorter channel (short channel effects).
However, changes in the doping profile raise the V., 8o the
doping profile change is usually accbmpanied with a thiﬁner
gate oxide to 1lower the V.. 'Thinning the gate oxide
intensifies the electric field from the gate on the channel.
Consequently, gate capacitance per unit area is increased,
gaté 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
suséeptible to these flaws causing leakages and defects that
reduce chip yield and impair chip reliability. Yield loss
related increase in chip cost is eaéy 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

¢« -



Hi gﬁ performance and density are primary objectives of Integrated G rcuit
- (1C) chip design. One way chip designers approach both of these objectives
i s 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, th_%_ hi gher the circuit density. The
- tighter together the circuit devices are packed, the lower the wring
| oads and, cdmodauest [the tFeT f 262 efromepolysiliicon . 808 thethifghee tdi
educi ng Hovi e Tour ot ao paepy; B SRR CRLBIGE B e O"
reducing ev'(% )ege 1 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 104 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. So, the channhel does
not turn on at oile uniform gate to source voltage (V) »

Instead, the sides 114 turn on before and off aff.-er (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 heeding 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

.



=22 "Just shrinking Field Effect Transistor (FET) channel length alters
device characteristics such as punch through voltage and threshold vol t age
(V[err]) to the point where the device may be unusable. So, other device
paranmeters such as, channel doping, source/drain doping and gate oxide
t hi ckness are altered to conpensate for gfvice characteristic changes.
~Normal ly, the channel doping profile is altered to conpensate for effects
- of the short eetenzipal f{short coassguertlects) shbbu\e\ﬁetenehlaﬂgeﬁﬁen ide
dopi ng profi |8 gl e Ut t dopi ld e .S, US
acconpani ed xﬁﬁﬁ%§§?ﬁ?§her 32?%' gﬁﬁdgp ?gppﬁgé¢étﬁg 3?%§frie _#ﬁ%#ﬁﬁ%g
the gate oxilG@KPREeABAf FRs PRV FETSCYLFRIRLFNEchRBNgAEcfB PRAMS .
channel . Consequently, gate capacitance per unit area is incfeased, gate
area i s decreased, and channel transconductance is increased. Overall,
circuit perfQrmance inproves.

PURPOSES OF THE INVENTION

It is a purpose of the invention to reduce FET channel

leakage.

It is another purpose of the present invention to re&uce
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

reduce FET feature size without reducing DRAM cell retention
time.

It is yet another purpose of the invention to 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.
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Unfortunately, as device features shrink, what had been considered
superficial inperfections for older larger devices are significant flaws.
Thi nner gate oxi de nakes devices nore susceptible to these flaws causing
| eakages and defects that reduce chip yield and inpair chip reliability.
Yield loss related increase in chip cost is easy to quantify because
conpl eted wafer cost nust be recovered from fewer chips. Reduced

reliability impaliesdngophamcesil frotermiiiops tinel E6g rédwesdBteatafe isize NOre
expensive prohlem These reliability failures are nore expensive because
they cause systémdown time and because of the field cost associated with
finding the failing conponent in an assenbl ed system contai ning many chi ps.
FIG. 1.is a cross-sectianal representation of an FET built inh a 64M DRAM

process. Thegguahgvt ¥f §S 100 on either side of the FET 102 that
isolate it f xi de col lLar 104 along the trench 100
sidewal | s 106 The present invention is a Field Effect Transistor (FET).

The preferred Field Effect Transistor (FET) is formed on a
semiconductor substrate, preferably silicon. It has an
isolating trench on either side and an ONO layer along the
sides of the FET in the ‘isolating trench. The ONO layer
contains Potassium. Gate oxide along the FET sides at the ONO
layer is thicker than gate oxide in the center of the channel.

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. N

FIG. 3 is a plot of oxide thickness T versus Potassium
concentrate.

FIG. 4 is an image from a Transmission Electron
Microscope (TEM) at a corner of an FET grown according to a
prior art method.

FIGs. 5A-B are TEM images of FETs grown according to the
present invention.

FIG. 6 is a table comprising electrical parameters of
FETs, grown according to the prior art with a preferred
embodiment FET.
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-3-' isol'ates the FET 102 from polysilicon 108 that fills the trench and is,
for exanple, a Dynam c Random Access Menory (DRAM cell capacitor storage
plate. The gate of the FET 102 is forned by a polysilicon word line 110
that runs across a thin gate oxide |layer 112 the width of the FET 102. FET
current flow, fromdrain to source (not _§bown), I's perpendicular to the
polysilicon gate and the word |ine 110. A depression 114 was forned
at each si de DESCREPTLORNOE| THE)(RREFERBEDSEMBODIMENTSaS renmoved from the

collar 104 Furt RREMGLee 5l | AkvehRofXi 42 LRT Wi Uhd OtRAeG AR ghagpe!

forming 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 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 of an FET will be formed in this defined FET region 124.
Preferably, the semiconductor layer is silicon. In the
preferred embodiment, the FET, when complete, is a passgéie
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, én 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 between two thin oxide layers.
The ONC layer 126 lines the trenches 120, extending vertically
along the sides of each trench 120 past the surface 128 of the
wafer 122 and along the pad stack 121. Next, an N°*
polysilicon (poly) layer 130 is deposited on the ONO layer
126.



si des 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 |arger 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™/6f the channel. As a result of
"this intensified BEnfirdiad, 2dhe thleapodlyssllesn hbayera 1300eis emdraed t freom est

of the Channeabov%%h apoel fpesoneh E%@lﬁiﬂtco?:n?mﬁ”k&ﬁ&ﬂhg%ﬁl 0
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data may be snmm@@esnlaoDRAWEterlCMWIfmﬁﬁidwalnﬁﬂﬂltheD b24r &$ nremeeet or

refreshed. = fnehdlel Yadr 8@ MIT.04RBAY tRe remaining polysilicon 130
is etched followed 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,
through the outer oxide and collects at the nitride.
Optionally, to enhance the level of collected potassium, the
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 FETSs.
However, the ONO layer 126 bloéks diffusion of the potassium
and instead, collects the potassium along the interface
between the outer oxide and the nitride.



ni ni ni zed because during refresh, the DRAM i s unaccessible or unavail abl e.

. However, a DRAM cell with a short retention tinme nust be refreshed nore
frequently than a cell with a | ong

4 retention time. Consequently, a short retention tine is undesirable.
Thus, it is inportant to mnimze channel _| eakage and so, to nmake FETs with
: planar channel s for DRAMs. SUMWARY OF THE

| NVENTI ON | t Nextan iebjrxd. oDt hen poLEENtcoIMEaNtiPN 1© aBRbbOiwéEy ONE

~or nore di sagygily ﬁgﬁﬁ Exfxe%n%rnege1%to|g the %ﬁfectﬁgﬁﬂoﬁf tHe o ?@E%E{;ez?f the

present invention theré s provi ranst st or
sem conduct ort28ubsREEeE, f%‘a'}jd‘q:E*Fec?ﬁ]Hﬁr?l hd4 . FRatderafamoly; lewer 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 sufface
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. i

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. 8o, és 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.

Next, isolation oxide 144 is selectively grown to isolate
the poly 140 in the trenches 120 from subsequent conductive
layers. Finally, the poly word line layer 146 is deposited.
The poly word line layer 146 is patterned by any well-known
lithographic method. Subsequent chip layers are formed and
patterned to complete the chip using methods normally used in

.



and second isolation trenches in said seniconductor substrate defining an

. intervening FET region, said first and second isol ation trenches having
trench sidewalls defining first and second sides of said FET region, and an
interior FET region being centrally |ocated between and spaced from said
first and second sides of said FET region, a dielectric layer fornmed

- directly on and along said trench sidewal1s directly bounding said FET

regi on; saididitegeatedcciayeit ionilpudiangfacturd.dati on catal yst; and a gate
oxide formed directly on the surface of said FET region, said gate oxide

extendi ng between_said first and second trenches across said swface of
said FET region, Q®ASLELIAR_LIY gReEt 0RFdONRaslavedy W% PEhivereyed iR said
gat e oxi de i sradrheentinatiienwetinsty dotli eébadtiddc HETwEr shichi g Siai chdri— St

and second sj 0 d EET | yhes kd O | | at ed
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egion that i's
fromsaid fifQF SAATBLEOnAYsPALEcHIvalY @tehthy Hhe ONO laver anay igiam
anot her aspeehadflowherenaleen( shallowem bthahamraysipolati ided tEenthes ! F2)t

Transistors GEET$brM8d 2£SEMBIRDNYIC tRensHPEISBitS onSal #nis] StwOBdel W 2
first FET mg,hgdl nqr:?us aced-apar# first and second |sohaf| on trienches in
FER g

sai d seni condtcBor® Qruade JeFETRF ndna 3FFRE: 3FRAR, YR PEEPTVATRD sai d
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bei ng central Ié #gcat&d bet ween _gnd sEced from said é}l_rst and second si des
of said firsPPPETRPEET onSS S AR LW PBLEPTP RS P*EEE) y2¥R ENnd al ong sai d
trench sidewalls directly bounding said first FET region; potassiumin said
ONO | ayer; a first gate oxide fornmed directly on said first FET region,

said first gwﬁgge ext endi ng

FIG. 3 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 thickness, both
vertically and horizontally is dependent upon the level of
potassium collected in the ONO layer. If the accumulated
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 (i.e. from the potassium catalyst).

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., much
thicker at the device sides than in the dévice center, for
gate oxide grown at 900°C in dry O, than for gate oxide grown



bet ween %said first and second trenches and across said surface of said
first FET region, wherein said first gate oxide has a greater thickness
where said first gate oxide is adjacent and neets said ONO | ayer |ining
said first and second sides of said first FET region than where said first

- gate oxide is located on said first |nte£¢o FET region that is centrally

"l ocat ed between and spaced fromsaid fir and second sides of said first

. FET region; amdseosecgﬁdwggi)lncludlng third and fourth isolation trenches
.5 formed in said sem conductor substrate defining a second intervening

* FET region, said third and fourth isolation trenches having trench

"~ sidewal | s defini n§I€ r%tl%MTSQEW%#%§196$r%|@°§@€§ﬁEng?E¥bgiiﬂme and a
second .i nt er io#r anEFETegbomedeia1¢roestsattorl rathed idbpt yeewn sdtbafar®egd from

said first and SSEON ATl Ydbsreaand, ET relichlls Fid ol a38°GHE 0ate

oxi de forned rectl gi on, sal gate oxi'de
corner T, ('1' 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. 5A 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. 5B 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, is 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..

The table of FIG. 6 is a comparison of a prior art 10um
wide FET's electrical parameters with a preferred embodiment
10pm FET, each grown at the chip location on different wafers
under nearly identical conditions. Although both devices have
a nearly identical center channel V, and nearly identical on
current (I, ), the corner V, of the preferred FET is nearly
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



ext éndi rtg between said third and fourth trenches and across said surface of
said second FET region, wherein said second gate oxide has essentially

uni form thi ckness where both adjacent and neeting said first and second
sides of said second FET region and where said second gate oxide is

| ocated on said second interior FET regign that is centrally located

bet ween and spaced fromsaid first and second sides of said second FET
region. device, the retentBRnEFi&ESCGR RFFEE (FhaHEMPRAWANGSharge Js g, 1
IS a cross-seghiyonpgl fEQifﬁeiH %dz@‘tﬂénaﬁl ¢ Flinld: @hdtaBETRAS Pyidc pAOr art
manuf acturin rr% r ocess. Figs. 2A-F represent the steps in formng a
preferred e i‘ment FET. Fig. 3 i1s a plot of oxide thickness T[err]
ver sus PotaSS|un1concentrate Fig. 4 is an imge from a-Transn ssi on

El ectron mcr OSCORﬁiiZE%eatpx%s‘é%n%w%tﬁan FE3 geswRiBe&ONHdi r@rn@ aoMri or
T Phomengt i SRkl (0 lgdbts s LB

present i nveRe§ conprisrng el ec rical parameters
- of FETs, growardetdecusmnd sodifigatiensmilyi @¢cur $Ped R9TEPTe Rk ﬁ%n‘tn FET.

the art without departing in spirit from the claimed
invention. It is intended that the scope of the cla_lims
include those modifications and variations that fall within
the spirit of the invention.



-6- 'DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The present invention is
, an FET and the process of formng the FET. The FET of the present
i nvention has a thicker gate oxide al ong channel sid terior
of the channel. A layer of silicon Oxide-silicon Nit g“‘mﬂ“mu)mmm
. (ONO) forned at the sides of the channel region includesca catml st *t hat
| enhances | ocal oxide formation. The prefgyred catalyst is potassium
" FIGs. 2A-F r¥BrEEAEM:t he steps in forming the preferred embodi ment FET

which is essenti ahl wmaﬂe@f@é@@l irahb¥9stdF (FETS! .of NaFl SemPlondifRr
trenches 120 are f0£

ggraée and having an isolating trench on either side,
said FET comprising: -

a dielectric layer along each said side of said FET in
said isolating trenches; '

sald dielectric layer including an oxidation catalyst;
and ' )

gate oxide along said each FET side being thicker than
gate oxide between said FET sides.

2. The FET of Claim 1 wherein said dielectric layer is a
layer of Oxide-Nitride-Oxide (ONO).

i

3. The FET of Claim 1 wherein the oxidation catalyst is
potassium.

4. The FET of Claim 2 wherein the oxidation catalyst is
potassium. '

5. The FET of Claim 4 further comprising an oxide collar
along said ONO layer at said each FET side.

- e THIS SHEET HAS BEEN
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sem conductor layer (or wafer) 122. Prior to form ng trenches 120, a pad

i dielectric stack, represented by |l ayer stack 121, is _

sem conductor |ayer 122. The trenches 120 are etchedmﬁl@m@m@mustack
121 and into the wafer 122 to isolate and define an 4.«
channel, source and drain of an FET will;3be formed in this defined FET

. region 124. Preferably, the semi conductor layer is silicon. In the

- preferred entfodi mént Flehd EEfechhcfranshstere, (FEM)a pAsyafeMiraRdngte¥ of a
Dynani ¢ Random Accabsthidater ynd DRANMhgCahl isollad iRRAM efth 'oh slighages CaAPACi t or
plate is formed.in.t e . In FIG 2B, an ONO | ayer 126 is
conformal |y forne%agﬁefﬁg gg p%%%%ﬁ*lZl and in trenches 120. Al though
referred to as a single {ayer, it is understood that the ONO-layer 126 is a
thin nitride | ayeansandwilafed &ktngeen stide dhisaiokiRRT liayensd Theldbhg ayer
126 lines the trengheanl20, extending vertically along the sides of each
trench 120 past the surface 128 of the wafer 122 and along the pad

stack 121. Next, an N+ polysilicon (poly) layer 130 is deposited on
the ONO | ayer potassium in said ONO layer;

gate oxide along said FET side at said ONO layer béing

thicker than gate oxide between both said FET sides.

7. The FET of Claim 6 further comprising an oxide collar
along said ONO layer.

. This Sheet Has Been. RTlaced
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1 126. -7- In FIG 2C, the
polysilicon layer 130 is renoved from above the pad stack 121 so that
polysilicon 132 renmains only in the trenches 120. Preferably, the

pol ysilicon layer 130 is renoved using Chem cal - Mechani cal Polish (CwW).
Polishing the polysilicon |ayer 126 al so renoves nost of the ONO | ayer 124
| ying on the pad stack 121 such that ONO remains mainly in the trenches
120. After CWVP, residual ONO | ayer 124 isigenoved fromthe pad stack 121.
Then, the remaining polysilicon 130 is etched foll owed by Reactive |Ion
Etchl ng (RIE) such that the -

AN INSULATED GATE FIELD EFFECT TRANSISTOR

ABSTRACT

_ An FET isolated ‘on either side by a trench (120). The FET has a dielectric layer
in the isolating trench along at least one side. The dielectric layer which may be an
ONO layer (128) has an oxidation catalyst diffused into it. The oxidation catalyst may
be potassium. Gate oxide along the side (142) of the FET in close proximity to the ONO
layer (128) is thicker than gate oxide between both sides. |

Fig. 2F
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renalnlng poly 132 in the trenches is recessed beneath the wafefr surface’
128, preferably, by 1.3pm The preferred slurry for renoving the poly |ayer
130 is a poly slurry in Potassium Hydroxi de, preferably < 0.1% KOH. The
silicon nitride in the ONO | ayer 126 is a diffusion barrier to the
potassiumin the slurry. So, potassiumdiffuses into the ONO | ayer 126,
through the outer oxide and collects at the nitride. Optionally, to enhance
the |l evel of collected potassium the wafer may be dipped in a tank of KOH
sol uti on. These steps of polishig the poly layer 130 with a slurry
contai ning KOH and the optional dip are contrary t 0 conventi onal

sem conduct or chip manufacturing practices. Normally, such a use of
potassiumis avoi ded in sem conductor chi-p manufacture 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 diffusio f the potassium and instead,
collects the potass;;gyatﬁmg t he interf??e tween the outer oxide and the'
nitride. ’

FIG. 1

Prior Art
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Next ,’

in FIG 2D, an Oxide collar

134 is selectively forned in the

trenches 120 on the poly 132 along the ONO | ayer 126. After formng the

collars 134, another
second poly -1layer

- and R E such that poly 140 remains only in the trenches 120.

N+ poly | ayer

136 is forned on the wafer

122. Thi s

. 136 re-fills the trenches 120 with polysilicon.
- In FIG 2E, the poly layer 136 is renoved fromthe pad stack 121 using CWP

The poly 140

in the trenches 120 is coplanar with, or, slightly recessed fromthe wafer

sur f ace

121

p

121

120
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122

124

FIG. 2A

121

0




128.. As in the previ ous poly renoval step, the preferred slurry is a poly
slurry with < 0.1% KOH. A screen oxide |layer (not shown) is grown in dry
O[err] on.the exposed pad stack 121 and poly 140, taking care to avoid
removi ng the potassiumfrom along the ONO | ayer 128. Then, N or P wells (if
requi red) are defined. Next an appropriate dopant(s) is (are) ion inplanted
for channel tailoring. Then, the inplanted dopant is diffused to the wafer
as desired to bul k dope the silicon sug§}£ate 122. After diffusing
the i npl anted dopants, the screen oxidé"lTayer and pad stack |ayers 121 are
renoved and gate oxi de may be1ggomn. The potassium al o I8 ono | ayer
126 in the ft3penches 120 th was col l ected by the nitrifé?qs | yst for
i | e I €de is thicker
Xifmty to the ONO

al ong the si

~layer 126. t\ I 90l ation oxide 144 is selectiyely grown to isolate
; 121 C128
126 (\128 194 121

128

122 - ' .

FIG. 2B
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the poly 140 in the trenches 120 from subsequent conductive | ayers.
.Finally, the poly word line |ayer 146 is deposited. The poly word |ine

| ayer 146 is patterned by any well-known |ithographic nmethod. Subsequent
,chip layers are fornmed and patterned to conplete the chip using nethods
‘normally used in -9- integrated
circuit chip manufacture. Additionally, part of ONO | ayer nay be
renoved fromtrenches in the vicinity of selected FETs, such as in non-
array areas, prior to grow ng gate oxiggipThis nmay be done,

120 120-
121 g K ? 1}2)1
128 U 128 128
| 124 |
' 132
o~ "\__/
132 “
f 122

FIG. 2C



for exanple, by selectively etching the ONO | ayer away when shal | ow
trenches (shall ower than array isolation trenches 120) are forned for
shal l ow trench isolation. Thus, two types of FETs are forned. FETs i.n
array areas would be preferred enbodi nrent enhanced gate oxide FETs; while
© FETs in non-array areas (or whenever the ONO |l ayer is renoved) woul d have
unenhanced, essentially uniform gate oxide | ayers. EXAMPLES FIG 3
is a plot of increase in oxide (T[err]) thickness verses Potassium
concentrate. Increasing the |[evel Q{Zaccunulated pot assi um i ncr eases
the gate oxide thickness at the channeP Si des. Farther, this increase in
gate oxide thickness extends horizontally fromthe sides into the channel.
The extent ol3&he increased 0ﬁ5ﬁe t hi ckness, both verticalggPand

hori zontal I is dependent u ed in the ONO
| ayer. I t pot ass suffici t hen,
the gate ongg_thicke i in thickness
v ' R— 134 : 134 :
121 ( _ k W s 12"1
1
128 28 T 128
124
132
PR B g AN~
132
122

FIG. 2D
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Is inversely proportional to the horizontal distance fromthe ONO | ayer 124
(i.e. fromthe potassium catal yst). In addition, growmh tenperature
and grow h nedia affect the amobunt of increase in |ocal oxide thickness
derived fromthe presence of potassiumcatalyst. The side to center oxide
~thickness difference is much nore pronounced, i.e., nuch thicker at the
.device sides than in the device center, for gate oxide grown at 900[err]C
in dry Qerr] than for gate oxide grown

-10- /12

120 - 120

121 S 4134 K ' . ’/134\1: : ' b
128 121

128 T 128

124

132

L ' .

122

FIG. 2 E
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at 800[err]Cin wet Jerr]. FIG 4 is a Transm ssion Electron

M croscope (TEM inmage of an FET corner (a cross-section at a side)
grown-according to the prior art at 900[err]Cin (err]. For this prior art
FET, corner T[err] (T[err] along the side of the channel) is 8%thinner
than center T[err] (in the center of the channel). Thus, this prior art FET
has a | ower corner Vt due to this thinner corner T[err] and due to the nore
intense E-field fromthe poly both horizontally along the top channel area
and vertically along the side (in the tygach). FIG 5Ais a TEM

i mge of an FET corner grown at 800[err]Cin wet (Jerr] according to the
present invention. For this preferred enbodi nrent FET, corner T[err] is 30%
thicker center Tlerr]. Thus, the V[err] is elevated along the channel sides
over that of the pr|0{ rt FET. Further, the E-field is attenuated sonewhat
by the thicker cor 4|({aerr] .

140 140 144
\<7<./\__
. ﬂ' )
- 1344 \ (
f . 142k128 w2 (|1 N
142
1 124 [
126 ——+ 126 | 126
| | 1
126 132
1327 | 1T
| - L > ‘
120 -) 122 L120

FIG. 2F



FIG 5Bis a TEMimge of a preferred embodi nent FET corner grown at
900[err]C in dry o[err]. For this preferred enbodi nent FET, the corner
~Tlerr] is 70%thicker than center T[err]. The thickened oxide along the

. side of this preferred FET raises the corner V[err] nearly to that of the
- center channel V[err]. The table of FIG 6 is a conparison of a
“prior art 10[err]mwi de FET's electrical paraneters with a preferred
enbodi nent. | Jerr] m FET, each grown at the chip |l ocation on different

waf ers under nearly identical conditions. Al though both devices have a
nearly identical center channel V[err] gﬂg nearly identical on current
(I'Terr]), the corner V[err] of the prePerred FET is nearly equal to the
center channel V[err]. By contrast, the corner V[err] of the-prior art FET
is 75%that of the corner V[err] of the preferred enbodi nent FET. So, for
the preferred enbodi nent

Pofdssium Concentration vs. Gate Tox Delia

N
(5]
b

3 I 1 11 .
% O Gate Tox Delta
a : 1 &
B 20%
5
3 /
S 15% : /
= - / fg
o : /
& =P
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g /All/ i
3 //
o 5% 1L
5 LT
[an Py
>
2

0% | .

1E+14 | 1E+15 1E+16 1E+17

Potassium Concentration e¢m”™3

FIG. 3



device, the retention yield at 256ns (the tinme that charge is held in a
cell) is nore than 2.6 tines that of the prior art FET. Wil e the
present invention is described in terns of preferred enbodi nents, it is
understood that nunerous variations and nodifications will occur to a
person skilled in the art wthout departing in spirit fromthe clai ned

i nvention. It is intended that the scope of the clains include those

nodi fications and variations that fall within the spirit of the invention.

9/12
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CLAIMS 1. A Field Effect Transistor (FET) on a sem conductor substrate,
said FEt conpri sing: spaced-apart first and second isolation -
trenches in said sem conductor substrate defining an intervening FET
region, said first and second isolation trenches having trench sidewalls
defining first and second sides of said FET region, and an interior FET

10712




regi on being centrally | ocated between and spaced fromsaid first and
second sides of said FET region; a dielectric layer fornmed directly
on and along said trench sidewalls directly bounding said FET region;
said dielectric layer including an oxidation catalyst; and a gate oxide
formed directly on the surface of said FET: region, said gate oxide
extendi ng between said first and secon ZEEnches across said surface of
said FET region, wherein said gate oxide a greater thickness where
sai d gate oxide is adjacent and neets said dielectric layer |ining said
first and s B g

| ocat ed on
spaced fro

FIG. 5B



L 3 )
said-first and second sides of said FET region. 2. The FET of Caim1l
wherein said dielectric layer is a layer of Oxide-Ntride-Oxide (ONO. 3.

The FET of Claim 1l wherein the oxidation catalyst is potassium 4. The
FET of Caim2 wherein the oxidation catalyst is potassium 5. The FET
of Caim4 further conprising an oxide collar along said ONO | ayer at said

-first and second sides of said FET region. 6. Field Effect Transistors
(FETs) on a sem conductor substrate, sdRAIFETs conpri Sing: a first
FET i ncl udi ng: spaced-apart first and second isolation trenches in.
sai d sem conductor substrate

Device Type | Corner V, Ty 10pum wide Retention Lid
oy channel Vi Yield for GIDL
A iy @256ms
’Er’:;igiﬁem 1005 118 1210 79%
Prior Art 740 120 1220 30%

FIG. 6



definingg a first intervening FET region, said first and second isolation
trenches having Q%o Lttdmc i
sidgqwal I s defining first and second sides of said first FET region, and a
first interior FET region being centrally-Ilocated between and spaced from
said first and second sides of said first4 FET region, an ONO | ayer
formed directly on and along said trench sidewalls directly boundi ng

said first FfdntidhOkig. Consequently, a short retention time is undesirable. Thus, it is
important to minimize channel leakage and so, to make FETs with planar channels for
DRAMs. '
SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided a Field Effect
Transistor (FET) on a semiconductor substrate, said FET comprising: spaced-apart first
and second isolation trenches in said semiconductor substrate defining an intervening
FET region, said first and second isolation trenches having trench sidewalls defining first
and second sides of said FET region, and an interior FET region being centrally located
between and spaced from said first and second sides of said FET region; a dielectric
layer formed directly ont and along said trench sidewalls directly bounding said FET
region; said dielectric layer including an oxidation catalyst; and a gate oxide formed
directly on the surface of said FET region, said gate oxide extending between said first
and second trenches across said surface of said FET region, wherein said gate oxide has .
a greater thickness where said gate oxide is adjacent and meets said dielectric layer
lining said first and second sides of said FET region then where said gate oxide is
located on said interior FET region that is centrally located between and spaced from
said first and second sides of said FET region. '

According to another aspect of the present invention there is provided Field Effect
Transistors (FETs) on a semiconductor substrate, said FETs comprising: a first FET
including: spaced-apart first and second isolation trenches in said semiconductor
substrate defining a first intervening FET region, said first and second isolation trenches
having trenéh 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, an ONO layer formed directly on and along said
trench sidewalls directly bounding said first FET region; potassium in said ONO layer; a
first gate oxide formed 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 a greater thickness where said first gate oxide is
adjacent and meets said ONO layer lining said first and second sides of said first FET
region than 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 a second FET including: third and fourth isolation trenches
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pot assicum i n said ONO | ayer; a first gate oxide fornmed 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 a greater thickness where said first gate
oxi de i s adjacent and neets said ONO layerslining said first and second
.sides of said first FET region than where said first gate oxide is |ocated

on said firsbrhéd & sa8 sEﬁﬁohaﬁétepsuﬁs&% de?inﬁﬁrﬁ 5@bhy 1ﬁt9ﬁ€ﬁi%§ et anamd

spaced from

secon of
P eond prry and fefupth S6no ERfkhes baviae frsath pideiall a{%ﬁawgtﬁréhgwggecpm idgs |
sai d sem coofisgitloseconth FBTategiosf and # econdsimeriod FET qegion ibetngFEehtratlyi located

sald third gogdeLounk r}pb&ﬁl ﬁ'&ljnoéll({ fi?ﬁ%ﬁsse%\ﬁ' ﬁ@estéteﬁfdﬂ' second FET region, and a
second gate oxide formed 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 essentially uniform thickness where
both adjacent and meeting said first and second sides of said second FET region and
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 formmg a preferred embodiment FET.

Fig. 3 is a plot of oxide thickness T versus Potassium concentrate.

i Fig. 4 is an image from a Transmission Electron microscope (TEM) at a corner of

an FET grown according to a prior art method.

Figs. 5A-B are TEM images of FETs grown according to the present invention.

Fig. 6 is a table comprising electrical parameters of FETs, grown according to the
prior art with a preferred embodiment FET.
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gat e oxide forme I rect second FET region,
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spaced-apart first and second isolation trenches in said semiconductor substrate
defining an intervening FET region, said first and second isolation trenches having
trench sidewalls defining first and second sides of said FET region, and an interior FET
region being centrally located between and spaced from said first and second sides of
said FET region;

a dielectric layer formed directly on and along said trench sidewalls directly

| bounding said FET region;

said dielectric layer including an oxidation catalyst; and a gate oxide formed
directly on the surface of said FET: région, said gate oxide extending between said first
and second trenches.across said surface of said FET region, wherein said gate oxide has
a greater thickness where said gatle oxide is adjecent and meets said dielectric layer
lining said first and second sides of said FET region then where said gate oxide is
located on said interior FET region that is centrally located between and spaced from
said first and second sides of said FET region. |
2. The FET of Claim 1 wherein said dielectric layer is a layer of Oxide-Nitride-Oxide
(ONO). |
3. The FET of Claim 1 wherein the oxidation catalyst is potassium.
4. The FET of Claim 2 wherein the oxidation catalyst is potassium.
5. .-The FET of Claim 4 further comprising an oxide collar along said ONO layer at
said first and second sides of said FET region.
6. Field Effect Transistors (FETs) on a semiconductor substrate, said FETs
comprising:

a first FET including:

spaced-apart first and second isolation trenches in said semiconductor substrate

defining a first intervening FET region, said first and second isolation trenches having



7. The -FET of G aim 6 further conprising an oxi'de ¢oliar al ong—sat-d ONO
MENT SHEET
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tench 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,

an ONO layer formed directly on and along said trench sidewalls directly bounding

said first FET region;

potassium in said ONO layer;

a first gate oxide formed 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 a greater thickness where said first gate

.oxide is adjacent and meets said ONO layer lining said first and second sides of said first
FET region than where said first gate oxide is located on said first interior FET region
that is centrally located between and spaced from said first and sécond sides of said first
FET region; and

a second FET including:

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 defimng 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 sideé of said second FET region, and

a second gate oxide formed 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 essentially uniform thickness
where both adjacent and meeting said first and second sides of said second FET region
and 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 FET of Claim 6 further comprising an oxide collar along said ONO layer.
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