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MOSFET with Raised STI Isolation
Self-Aligned to the Gate Stack \/

Field of the Invention

'fhis invention generally relates to semiconductor isolation techniques. More
particularly, it relates to shallow trench isolation (STI) in which the insulating material
is raised above the surface of the semiconductor. Even more particularly it relates to
an isolation structure for a transistor in a DRAM cell that ilmvides reduced leakage.

Background of the Invention

Contcmporé.ry CMOS technologies employ field effect transistors that are ' .
- adjacent or bounded by trenches. The trenches are used for shallow trench isolation
(STD) or they provide a location for trench capacitors.

Parasitic leakage paths have been created by the proximity of a semiconductor
dev1cc to an edge or comner of either type of trench. In one leakage mechanism,
described in a paper, “Process and Device Simulation of Trench Isolation Corner
Parasitic Device," by T. Furukawa and J. A. Mandelman, Proceedings of the |
Electrochemical Society Meeting, October 9-14, 1988, the pafasiﬁc léakage path
results from an enhancement of the gate electric field near the trench. corner. The
electric field is enhanced bv the comer's small radius of curvature and the proxm:uty
of the gate conductor. Processing can exacerbate the problem by sharpening the comer

and thinning the gate dielectric near the comer. In addition, in a worst case scenario

for cormner field enhancement, the gate conductor wraps around the trench corner. This
happens when the oxide fill in the isolation wench is recessed below the silicon

surface during oxide etches following its formation.
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As a result of the enhanced field, the corner has a lower threshold voltage (Vi)
than the planar portion of the device. Thus, a parallel path for current conduction is

formed. However, for device widths used in contemporary technologies, the top planar

portfon of the device carries most of the on-current. Trench comner conduction is a
parasitic which usually contributes appreciably only to sub threshold leakage. Thls
| parasitic leakage current along the corner is most easily seen as a hump in the

subthreshold current curve of a narrow MOSFET.

As descn’bed in a paper, "The lecnt
Isolation," by Andres Bryant, W. Hacnsch, S. Geissler, Jack } | |
Poindexter, and M. Steger, IEEE Blectmn Devxce I_.et_;erg, Vol. 14 No. 8 August,
1993, the corner devrce can even dommatc on-cmrents in apphcauons such as DRAM
that requrre narrow channel wrdths to achieve hlgh dcnsﬂy Thrs parallel current- |
carrying corner devrce becomes the dommant MOSFET contributor fo standby current
in low standby power logic applrcauons and t_o leakage in DRAM cells. Furthermore, .
there exists concern that the enhanced elecuic fields due to field crowding at the

rying Com Inhercnt.to Trench

comer impact'dielecuic integrity.

A paper, "Behavior of an NMOS Trench-Isolated Comner Parasitic Device at
Low Temperature,” by D. Foty, J. Mandelman, and T. Furukawa, Proceedings of the
Electrochemical Society Meeting, October, 1989, suggests that the corner parasitic
device does not improve with decreasing temperature nearly as much as the planar

subthreshold slope. Thus, the comer parasitic device may be more of a problem at low

temperature than the planar device.

This comer leakage problem has commonly been controlled with an increased
threshold tailor implant dose, but this can degrade device performance. Thus, alternate

schemes for controlling the corner are needed.

A paper, "A Deep-Submicron Isolation Technology with T-shaped Oxide (TSO)
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Structure,” by T. Ishijima et al., Proceedings of the IEDM, 1990, p. 257, addresse_s the
problem of trench sidewall inversion. This paper teaches the use of a pair of aligned
photomasks to form a T-shaped oxide adjacent the comer of an isolation trench and
the use of a channel stop boron implant along sidewalls of the trench. The structure
moves the device away from the trench sidewall and provides boron to raise the Vt
along that sidewall. However, isolation is enlarged when phommask alignment
tolerances are mcluded in this two-mask-and-lmplant scheme, makmg this solution
undesuable. ‘While eommonly assxgned oopendmg patent apphcauon, A Comer
Protected Shallow Trench Isolation Devnce, by M. M. Armaoost et al., prowdes a
scheme to prowa fhe comer while not enlatgmg the lsolauon, the Toot problem of
corner shalpenmg and oxide thinning remams Thus, an nnproved means to control the
comer parasitic 1s needed and is provxded by the fol[amng mvenuon. N

Summary of the Invention

It is therefore an objeét of the present invention to avoid comer leakage

without degradmg device performance.

It is another object of the present invention to prevent the gate conductor from

wrapping around the trench comer.

It is another object of this invention to avoid gate dielectric thmnmg adjacent

the comer.
It is another object of this invention to avoid sharpening of the comner.

It is a further object of the present invention to provide a transistor with an
individual segment gate conductor and a spacer rail gate connector formed on a

separate wiring level.



It is a further object of this invention that the gate conductor is confined to the

active device area and the isolation is self-aligned to the gate conductor.

It is a further object of the present invention to provide a wiring level
interconnecting individual gate segments of the tmnsistors of an array wherein the

wiring level is a subminimum dimension conductive spacer rail.

These and other objects of the invention are aooomplishéd "by a semiconductor
structure oompnsmg a transistor with a gate oompnsmg an mdmdual aegmem; of gate
conductor on thin dielectric. The gate conductor is subsbanhally coextensive w:th the
thin dielectric. The gate conductor has a top surface havmg opposed ﬁrst and second
edges and opposed third and fourth edges. Raised lsolauon bounds ﬂle first and second
edges of the gate conductor. Asoumelsself-ahgned toth&ﬂnrd edgcandadram is
self-aligned to the fourth edge.’ A conductive wiring level is in contact with the top

surface.

Another aspect of the invention provides a method of forming an FET
comprising the steps of providing a substrate having a gate stack comprising a layer of
gate dielectric and a layer of gate conductor, the gate stack having a top surface;
removing first portions of the gate stack and etching a trench in the substrate thereby
exposed for raised isolation; depositing insulator and planarizing to the top surface of
the gate stack; removing second poﬁions of the gate stack for source/drain regions and
to expose sidewalls of the gate stack adjacent the source/drain regions; forming
spacers adjacent the exposed sidewalls of the gate stack; and _fomling"source/drain

diffusions in exposed portions of the source/drain regions.

These and other objects, features, and advantages of the invention will become

apparent from the drawings and description of the invention.



Briéf Description of thé Drawings

The foregoing and other objects, features, and advantages of the invention will

be apparent from the following detailed description of the invention, as illustrated in

the accompanying drawings, in which:

FIGs. 1-8 are cross sectional views showing the structure at several steps in the
. process for making a semiconductor structure of a first aspect of the present invention;

- FHIGs. 9-13 are cross sectional views showmg the struomrc at ‘several steps in
.the process for malcmg a semiconductor structure of a second aspect of the present

mventxon,

.Detailed Description of the Invention
- The present invention provides a transistor having a gate formed from an
-individual segment of gate conductor. The gate conductor is conﬁn_éd to the active
device area, that is.the region having thin gate dielectric. STI is self-aligned to the
gate conductor. Ga.tc dielectric and gate conductor are formed as blanket layers on the
wafer before the isolation trench is ewhéd, and hence sharpening of the corner and
. thinning of the gate dielectric are avoided. A conductive wiring level cpnfacts this
seg’tii'e_nt gate, and the wiring level can have a subminimum dimension“ as a result of

~ being formed by a directional etch of a conductor along a sidewall.

STI and processes for forming STI are described in commonly assigned U.S.
Patent 5,173,439, by Dash et al., incorporated herein by reference. :

~ The term “horizontal" as used in this application is defined as a plane parallel



to the conventional planar surfice of a semiconductor chip or wafer, regardless of the
orientation the chip is actually held. The term “vertical" refers to a direction
perpendicular to the horizontal as defined above. Prepositions, such as “on," “side," (as
in “sidewall"), “higher," “lower," “over," and "under" are defined with respect to the |
conventional planar surface being on the top surface of the"ohip or wafer, regardless of

the orientation the chip is actually held.

Single crystal semlconducung wafets used .in the process _steps illustrawd in
FIGs. .1-13 .are formed from matenals such as silleon, gelmamum, "and gallnnn
_arsenide. Because silicon is most widely used and the most 15 known about its etch -
properties, silicon will be used for illustration herembelow. The wafermay have had
implants, diffusions, oxidations, aud other prooess steps oompleted before embarkmg '

on the process sequences described herembelow

FIGs. 1-8 show steps in the process of fabricating a transistor or a DRAM cell
' according to one aspect of the present invention. Referring now to FIG. 1, a “blanket”
Vt channel implant is perfornied on substrate 10 in a region that may encompass an
extended portion of the chip or substantially the entire chip. If an array of devices is
being formed, for example, the region of the blanket implant encompasses
-.subsmnually the entire area of the array. Then gate stack 12 is formed in the same
region from a sequence of layers, meludmg gate dielectric 14, gate conductor 16, and
gate cap dielectric 18. First, a layer of blanket gate dielectric 14 is thermally grown or
deposited. Next a layer of gate conductor 16 is blanket deposited. Gate conductor 16 is
formed of polysilicon, It can be in-situ doped during the deposition or it can be
implanted after depoeition to provide the appropriate gate dol;ing. Finally, blanket
Si;N, cap 18 is deposited on top of the gate conductor 16 to a thickness- suitable for

use as a planarization etch stop layer.

In the next step, photoresist is applied, exposed, and developed to define areas

in which the trenches will be formed. The trenches can be STI or storage capacitors.
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This pattern is first etched in-gate cap dielectric 18. The resist may then be stripped,
and the pattern in nitride gate cap dielectric 18 is used to continue the etch in gate
conductor 16 and exposed gate dielectric 14. Finally, the etch is extended into silicon
substrate 10 to form raised deep trench 20 for a capacitor, as shown in FIG. 2, or
raised shallow trench 30 for STI, as illustrated in FIG. 4. The term “raised trench"
refers to the fact that the trench extends beyond the surface of substrate 10 to the top
of the gate stack. In this process, a single masking step defines the edge between the
trench .and gate stack and provides perfect allgnment ﬂxerebetween. Thus, the gate is
bounded by a raised trench on two opposme s:des. However smoe the gate dielectric
and gato conductor were formod as biankef liyess before the trench was etehed, there
is no comer sharpemng, no gaJJe dxelecmo ﬂlmmng,andno me wmp around.

As shown in FIG. 3, storage node msulator ?2 d sborage eleotrode 24 are
formed in raised deep trench 20 as deeeribed in oommonly assxgued U..S. Patent
5,264,716 (“the ‘716 patent”), igsued to _D, M. Kenney, entifled "Diffused Buried Plate
.Trench Dram Cell An'ay," incorporated herein by reference. In -brief, storage node
insulator 22 is a formed by growing thermal oxide, depositing silicon nitride, and
oxidizing a surface layer of the nitride. Raised deep trench 20 is then filled with doped
polysilicon for storage electrode 24 of the capacitor. This polysilicon may be recessed
to form insulating collar 26. FIG. 3 illustrates the cell at this step in the proces§. |

In a similar process to that described above for the raised deep trench, raised
shallow trench isolation (raised STI) 30 is formed. Referring to FIG. 4, after the
photomasking and gate stack etching steps as described above, a silicori etch is used in
silicon substrate 10 to form shallow uenches for raised STI 30. Then a passivation
ox.i-d_e is thermally grown é]ong surfaces of the silicon thereby exposed. TEOS is then
deposited to fill the shallow trenches (and the top of deep trench 20). Next, a
planarization step is implemented stopping on the nitride cap of the gate stack. Thus,

raised STI is provided adjacent a sidewall of the gate stack. Of course, raised STI 30
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can intersect deep trench 20 in a manner similar to that shown for standard STI in the

‘716 patent.

Next, source/drain regions of the active arca are defined using a process similarl
to that described above for raised deep trench 20 and raised STI 30. Referring to FIG.
5, a cross section orthogonaj to the cross section of FIG. 4, photomasking and gate
stack etching steps as described above are used to form the desired pattetﬁ of gate
ée.gments 32. This etch leaves polysilicon only over channel region 34, on which there

is gate dlelectnc 14, and defines ﬂ1e channel length of the lmnswtor m the process of
bemg fabricated. Silicon on the two sides of the gate stack ﬂzereby exposed will be
dlfﬁxsed for the source/drain. The other two s:des of the gate siack are bounded by

| msedstorageﬁenchZOormsedS‘l‘IZiO '

In the next step, illustrated in FIG. 6 diclectric sidewall spacers 36 are grown
or deposited on the two exposed edges of gate stack 32. Spacers 36 are typically
formed of a thermally grown oxide along sidewalls of gate conductor 16 and a
depésited silicon nitride that is directionally etched to remove nitride along horizontal
surfaces while leaving nitride spacers along sidewalls. After spacers 36 are formed,
source/drain regions 38 of transistor 39 are formed by diffusion or jon implant. The
diffusion or implant is self-aligned to spacers 36 formed along edges of gate stack 32
and is bounded by raised STI 30 or raised storage trench 20. The diffusion for source
. /drain regions 38 may be provided by depositing a doped glass or a doped polysilicon
layer. The doped layer is planarized, and may be masked and etched to define the
NMOS and PMOS regions. Wafers are then subjected to an acuvauon drive-in
thermal cycle. Diffused regions or the doped polysilicon can be silicided to lower
resistance. The use of doped polysilicon as a doping source for source/drain regions 38
prt.)-vides the advantage of allowing the formation of shallow junctions while providing
a large volume of material for source/drain ;egions 38. The shallow junctions reduce

short channel effects. The large volume of material allows siliciding without danger of

high junction leakage.
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- The next steps provide a node strap, wordline connector, and bitline contact,
and these steps are described in copending patent application "A Five Square Folded-
Bitline DRAM Cell," by Wendell Noble, (“the Noble patent application") incorporated
herein by refcrchce. Briefly, an intrinsic polysilicon ‘mandrel is deposited and a contact
‘opening formed therein. Heavily doped polysilicon is then deposited forming the strap
between node polysilicon and the node diffusion. A selective etch is then used to

remove the intrinsic polysilicon, iwving the heavily doped strap.

Subminimum dimension wordline interconnect wiring 40 is formed as a spacer’
along sidewall 42 of groove 44 in second intrinsic polysilicon mandrel 46, as
illustrated in FIGs. 7 and 8. Afier insulator 48 is deposited and planarized, stopping on
cap 18, intrinsic polysilicon mandrel 46 is deposited (FIG. D. Gmbve 44 in mandrel
46 is formed photohthogmph:cally aligned so that sidewall 42 extends over a portion
of gate conductor 16. The etch to form groove 44 extends through mandrel 46 down to
expose nitride cap 18 over gate segment . A directional etch removes the portion of
~ nitride cap 18 from gaxe conductor 16 that is exposed within groove 44. A conductor,

such as tungsten, aluminum, or doped polysilicon is deposited and directional etched,
leaving subminimum dimension conductive sidewall spacer rail 40 contacting gate

-conductor 16 along sidewall 42 (FIG. 8).

FIGs. 9-13 show steps an alternate aspect of the invention in which conductive
wiring level 140 interconnects gate segments 132 of transistor 139 that is isolated by
raised STI 30. Transistor 139 may be part of a logic circuit, SRAM, or other
semiconductor circuit. In this aspect of the invention, conductive wiring level 140 is
formed before the step illustrated in FIG. 5. After the dielectric of raised STI 30 is
planz_u'ized (FIG.4), planarization continues, stopping on the surface of gate conductor
116.as shown in FIG. 9. A second layer of conductor for conductive wiring level 140,
such as doped polysilicon or tungsten, is then deposited as illustrated in FIG 10.
Conductive wiring level 140, is formed of a low resistivity material such as a metal or

a metal silicide. Metals such as tungsten, molybdenum, titanium, or aluminum, are



10

suitable. The low resistivity material can be deposited by methods known in the art,
such as chemical vapor deposition. It can also be fo:me& from heavily doped
polysilicon. A layer of insulator 150 may also then be deposited. The source/drain
defining mask is then used as described above (FIG. 5) and the two layers of
conductor (gate conductor 116 and conductive wiring level 140) are etched such that
gate conductor 116 is substantially confined to the active area of each transistor and
conductive wiring level 140 extends over STI 30 to mteroonnect Irans:sﬁors or cells, as
shown in FIG. 11. Dielectric spacers 152 formed in ﬂle next sﬁep (FIG‘ 12), coat both |

_ gatc segments and conductive wmng leve] mtaoonnects Wlu’l,' the mmonnect ‘wiritig. =N o

's‘mP'“ minufacturing process and stll provides the other ivantages o sentior

In the aspect of the invention illustrated in FIGs 9-13 a smn‘ce/dmn eansmn
is first formed by implanting a medium dose (less than 1 X 10“ em") ofa dppant
such as arsenic or boron, for source/drain 138 before spacers 152 are formed (FIG.
11). Then, after spacers 152 are formed (FIG. 12), intrinsic polysilicon (or intrinsic
" amorphous silicon) is deposited for raised source/drain 154 as shown in FIG 13.
Dopant for the raised source/drain is implanted at low energy so as to avoid damage to
the single crystal silicon below. Then the dopant is diffused from the polysilicon to
form ultrashallow junctions 156 without damage. A refractory metal, such as titanium
is then deposited and annealed to form silicide 158 in polysilicon raised source/drain
154. Thus, ultrashallow junctions 156 are formed that have both the low resistance
associated with a silicide and very low leakage. The junctions so formed-can have a
depﬁx of as little as about S00A. Of course, other methods of-doping the polysilicon of

raised source/drain 154 can be used, such as in-situ doping.

The device and isolation structure of the invention described hereinabove offers
several key advantages. First, STI and storage trench comer parasitic problems are

reduced because (1) comer sharpening and gate dielectric thinning are eliminated
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(since the gate dielectric is formed on a planar surface before device edges are
defined); and (2) gating of the sidewall of the channel or its corer by the gate is
eliminated since the gate is bounded by raised isolation—the gate does not wrap around

the comer.

_ Second, because polysilicon gate 116 does not extend_evet field regions under
STI 30, field doping under STI 30 and STI thickness requirements can be relaxed.

, Tlm'd, as described in the Noble patent appheauon, layout dlslanee between
_ mdmdual device gaws can be substanually reduoed when the wordlme conductor
mterconneehng gatesegmeuts wamnbmxnmmdlmenslon spaeetra:l. Inﬂ:leDRAM
eell deseﬁbed in the Noble appheatlon, for mmple, savmgs in’ DRAM eell area of up
tio 37.5% is achieved. ' TR - :

.f- Whilo soveral embodiments of fhé invention, together with modifications
thereof, have been described in detail herein and illustrated in the accompanying
drawingé, it wﬂl be evident hat various further modifications are possible without
departing from the scope of the invention. For example, a wide range of materials can
be used for mandrel 46, and for rail 40 or conductive wiring level 140. The invention
can be practiced with n- or p-channel transistors with corresponding changes in the
doping of the polysilicon strap and node polysilicon. Nothing in the above
specification is intended to limit the invention more narrowly than the appended

claims. The examples given are intended only to be illustrative rather than exclusive.

What is claimed is: _
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CLAIMS

T | 1. A semiconductor structure, comprising

B | _ a transistor having a gate, said gate comprising a thin dielectric and an
. individual segment of gate conductor, said gate conductor being
substantially co-extensive with said thin diclectric, said gate conductor
having a top surface having opposed first and second edges and opposed
.third and fourth edges;

- raised isolation boundirig said first and smd edges;

a source selfialigned to said third edge and a drain self-aligned to said
fourth edge; and - '

'a conductive wiring level in contact with said top surface.

2. = A semiconductor structure, as recited in claim 1, wherein said gate conductor is -

blanket deposited on blanket thin insulator on a planar surface and then defined

using a masking process.

3. A semiconductor structure, as recited in claim 1, wherein said thin insulator has

a uniform thickness extending to said raised isolation.

4. A semiconductor structure, as recited in claim* 1, wherein said raised isolation

comprises a shallow trench isolation.

S. A semiconductor structure, as recited in claim 1, wherein said raised isolation

comprises a trench capacitor.
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A semiconductor structure, as recited in claim 1, wherein said source and drain

comprise a raised source/drain.

A semiconductor structure, as recited in claim 10, wherein said raised source

and drain is formed from one of deposited polysilicon and deposited

amorphous silicon.

A semiconductor structure, as recited in cIaJm 10, wherein said raised source
 and drain is formod by growing selechvesihoon. _- |

A semlconductor structure, asreclted in clalm 10 whetem sald talsed source
‘and drain further comprises. silicide. :

A semiconductor structure, as recmd in cla:m 10 whmem sald raised source
and drain compnscs an ultra shallow junction.
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11. A semiconductor structure, comprising
/
a transistor having a gate, said gate comprising a thin dielectric and an
individual segment of gate conductor, said gate conductor being

substantially co-extensive with said thin dielectric, said gate conductor

having a top surface having opposed first and second edges, on

isolation structures bounding said first and second edges, said isolation
structures having substantally vertical sidewalls abufting said first and

second edgo;s, '

said dielectric having a substantially uniform thickness extending to said
raised isolation structures. ' '
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12. A method of forming an FET comprising the steps of:

a) providing a substrate having a gate stack comprising a layer of gate

dielectric and a layer of gate conductor, said gate stack having a top

surface;

'b) removing first portions of said gate stack and etching a trench in said
substrate thereby exposed for raised isolation; ' '

) - depositing insulator and i)la'paﬁzing to said top sur&ce of the satdsiac

- d) removing second poruons of said gate stack for somceldram reglons and e
to expose sidewalls of sald gate stack adjacent ‘said souroe/dram reglons, o '

¢) forming spacers adjacent said mcpo;ed sidewalls of said gate stack; anid- .

f) forming source/drain diffusions in mposéd portions of said source and
drain regions.

13. A method as recited in claim 12 wherein said step (f) is accomplished by the

step of forming a raised source/drain and diffusing from said raised source and

d;'ain.

14. A method as recited in claim 13 wherein said raised source/drain is formed by
‘the steps of depositing amorphous or polycrystalline silicon, planarizing said
silicon, and etching said silicon, said etching step leaving a portion of said

silicon in said exposed portions of said source/drain regions.

15. A method as recited in claim 14 further comprising the step of doping said

silicon.
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16. A method as recited in claim 14 wherein said plananzmg step is accomplished

by polishing. ' - -

17. A ‘method as recited in claim 14 wherein said planarizing step is accomplished

by a planarizing etch.

18. A method as recited in claim 13 wherein said raised source/drain is formed by
the step ‘of forming selective silicon seeded from said source drain region.

19. A method as recited in claim 13 further comprising the step of siliciding said

raised source and drain.
20. A method of forming an integrated circuit, comprising the steps of

forming a g'#tc ‘electrode on a semiconductor substrate, said gate
electrode having first and second edges;

forming isolation structures on said substrate abutting said first and

second edges;
etching said gate electrode to define third and fourth edges; and

forming diffusion regions in said substrate abutting said third and fourth

edges.



