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Background of the Invention

10 Many types of field isolation processes and structures
currently exist. One common field isolation process is the local
oxidation of silicon (LOCOS). Problems with conventional LOCOS
field isolation include too much encroachment into active areas
and too much of step height difference between the top of the

15 field isolation regions and adjacent active regions. Modified
versions of LOCOS (poly buffered LOCOS, sidewall masked field
isolation, etc.) have been developed to reduce encroachment or
reduce the step height difference but have other problems that
include inducing generation of crystal defects during field

20 -oxidation, generation of substrate pits when oxidation-resistant
structures are removed, increased process complexity, or the like.
Modified versions of LOCOS still have at least some measurable
encroachment. As used in this specification, conventional and
modified versions of LOCOS field isolation regions are referred to

25 as LOCOS-type field isolation regions.

Trench field isolation regions have little encroachment but

large trench field isolation regions are difficult to form. FIG. 1
includes an illustration of a cross-sectional view of a portion of
a substrate 10 having a wide trench 12 and a narrow trench 14

30 where field isolation regions are to be formed. In one
embodiment, trench 12 is 10 microns or wider, trench 14 is 0.5
microns wide, and both trenches are about 4000 angstroms deep.
An insulating layer 16 overlies the surface of the substrate 10 to
fill the trenches 12 and 14. The thickness of layer 16 must be at

35 least as deep as trench 14 in order for it to be completely filled.
Therefore, layer 16 is at least 4000 angstroms thick.
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In extreme cases, this thickness can be reduced to zero.
Hybrid LOCOS-trench field isolation regions are typically
15 formed by steps including those used to form a conventional
LOCOS field isolation process and a trench isolation process.
These hybrid field isolation regions each include trenches and
thick field oxide typically at least 2000 angstroms thick that is
grown during a long thermal oxidation step. Besides process
20 complexity, the hybrid field isolation regions could also have
significant encroachment, crystal defects, step height
differences, or the like. Simply put, hybrid LOCOS-trench field
isolation regions have the problems of conventional LOCOS field
isolation and additional steps from the trench isolation process.
25 Both are undesired.

Therefore, a need exists for forming planar field isolation
structures for narrow field isolation regions and wide field
isolation regions on the same device without having any of the
problems related to encroachment, step height differences,

30 crystal defects, dishing, or the like.
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isolation regions in accordance with an embodiment of the

present invention;

FIG. 4 includes an illustration of a cross-sectional view of a

15 portion of a semiconductor substrate after forming a well region
within and two layers over the substrate;

FIG. 5 includes an illustration of a cross-sectional view of
the substrate of FIG. 4 after forming trenches in accordance with
one embodiment of the present invention;

20 FIG. 6 includes an illustration of a cross-sectional view of
the substrate of FIG. 5 after forming an insulating layer over the
substrate and within the trenches:

FIGs. 7 and 8 include illustrations of cross-sectional and
plan views, respectively, of the substrate of FIG. 6 after polishing

25 the insulating layer;

FIG. 9 includes an illustration of a cross-sectional view of
the substrate of FIG. 7 after removing a polish-stop layer;

FIG. 10 includes an illustration of a cross-sectional view of
the substrate of FIG. 9 after forming a gate dielectric layer;

30 FIG. 11 includes an illustration of a cross-sectional view of
the substrate of FIG. 10 after forming polysilicon gate electrodes
and a local interconnect;

FIG. 12 includes an illustration of a cross-sectional view of
the substrate of FIG. 11 after forming a substantially completed

35 device;

FIGs. 13 and 14 include cross-sectional views of a portion
of a semiconductor substrate including field isolation regions
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15 the present invention.
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their be heated in the vacauumto sublimate HNJerr] (dilute and
concentrate), Herr]SOerr] 65 all volatile inpurities which are purged
from (dilute and concentrate), aqua regia, Nerr]OH,

1, 083, 522 5 KCH
(dilute and concentrate), cryolite m x- -Pi-lm el ectrodes 46 had
successively increas- tures, and HF (dilute and concentrate). The

ing arns up to 1.208 square incheﬁﬁa]l@_p_eﬁ_gﬂg_ugd)oron nitride filns are
stable in air up to breakdown voltage of the boron nitride film

700[err]C, but are able above 800[err]C after between each of the
el ectrodes 46 and A trench field3isalation epragessgisiusddde im‘rnbmarrom andde

ecur Q”b’@éﬁffg“’fgf:fg;ﬁff Jootagieh F%S?E‘Q't ol harrow and wile.SERfHr o
gions are orme by formmg trenches within the
substrate. For the wide, planar field isolation region, the trench
lies along a peripheral portion of the wide field isolation region
and defines at least one mesa. The trenches are filled with a
material that is polished or etched to form the narrow and wide,
10 planar field isolation regions. Etching can be used to form the
field isolation region because the trenches are not too wide
(usually no more than five microns wide). Polishing can be
performed with minimal, if any, dishing also because the trenches
are not allowed to be too wide. As seen from a plan view, mesas
15 within the field isolation region can form linguistic characters to
better identify the part humber or mask set of the device being
formed. The present invention is better understood with
embodiments described below.

20 Semiconductor Device with Trench Field Isolation
FIG. 3 includes a process flow diagram for forming field
isolation regions in accordance with the present invention. In
step 30, a polish-stop or etch-stop layer is formed over a
semiconductor substrate. As used in this specification, the
25 substrate includes a base material and any epitaxial layer, if any,
overlying the base material. For example, a semiconductor
subsirate can include a p-type monocrystalliine silicon wafer or
could include an insulating base material with an epitaxial
silicon, germanium-silicon, or silicon-carbide layer overlying
30 that insulating base material. Other semiconductor substrates
include germanium, germanium silicon, silicon carbide, [lI-V
semiconductors, or the like.
In step 32, trenches are etched into the substrate for field
isolation regions in step 32. An insulating layer is deposited to
35 fill the trenches in step 34. The insulating layer is polished or
etched in step 36. In step 38, active components are formed
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thicknesses in a range of about 100-500 angstroms each. The
combined thickness of layers 42 and 44 typically does not exceed

15 about 1000 angstroms and is usually no more than 500 angstroms.

A resist layer (not shown) is formed and patterned over the
polish-stop layer 44 to provide openings exposing portions of the
polish-stop layer 44. Trenches 52 and 54 are formed by etching
into the substrate 10 as shown in FIG. 5. The trenches generally

20 have widths up to two microns and depths in a range of about
1000-3000 angstroms into the substrate. In other embodiments,
the trenches can be wider or narrower. However, the trenches are
usually no wider than about five microns because dishing may be
too pronounced if polishing is performed. In one embodiment,

25 trenches 52 have widths that are about the same as the width of
trench 54. In another embodiment, all trenches have widths that
are no wider than five times the width of the smallest critical
dimension in forming the device. For example, a device formed
with a 0.35 micron technology typically has its smallest critical

30 dimension of 0.35 micron. In this instance, the trenches have
widths no greater than about 1.65 microns. The resist layer is
removed after forming trenches 52 and 54.

At this point in the process, the bottom or sides of the
trenches 52 and 54 are doped with a channel-stop dopant.

35 Alternatively, the channel-stop doping step is performed after the
field isolation regions are formed. Channel-stop regions are not
illustrated in the figures.
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Note that the smgle large trench 12 in FIG. 2 has been replaced by
the series of trenches 52 in FIG. 7. The combination of filled
15 trenches 52 and mesas 76 form the field isolation region 72. The
uppermost surfaces 82 of the mesas 76 lie at about the same
elevation as the primary surfaces 84 of the substrate 10 and n-
well region 40 outside the field isolation regions 72 and 74. In
other embodiments, the uppermost surfaces 82 lie at elevations
20 no lower than the primary surfaces 84. Field isolation region 74
does not include a mesa. Therefore, narrow and wide, planar field
isolation regions are formed without dishing or encroachment,
crystal defects, substrate pits, or the like.
FIG. 8 includes an illustration of a plan view of the
25 substrate at this point in processing. Layers 42 and 44 are not
shown in FIG. 8 to simplify understanding. Component regions 80
and 90 lie adjacent to the field isolation regions 72 or 74. The
insulating layer 62 lies along the perimeter of the field isolation
region 72. The component regions 80 and 90 are portions of the
30 substrate 10 and n-well region 40, respectively, where
components including portions of transistors, capacitors,
resistors, or the like are subsequently formed.
The device shown in FIG. 8 includes a large, wide, planar
field isolation region 72 and narrow, planar field isolation
35 regions 74. The field isolation region 72 is at least ten microns
wide and lies between relatively distantly spaced component
regions 80 or 90. The field isolation region 72 includes several
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The polish-stop layer 44 is removed from the substrate as

shown in FIG. 9 by plasma dry etching, wet chemical etching, or
15 the like. The pad layer 42 is removed with or after the polish-
stop layer 44. Some of the insulating layer 62 is removed with
the pad layer 42 if they include the same material (i.e., oxide).
A gate dielectric layer 102 is formed over the substrate 10,
n-well region 40, and mesas 76 within field isolation regions 72
20 as shown in FIG. 10. The gate dielectric layer 102
includes oxide, nitride, nitrided oxide, or the like and has a
thickness in a range of about 50-300 angstroms. Gate electrodes
112, 116, and 118 and a local interconnect 114 are formed and
shown in FIG. 11. The local interconnect 114 is a conductive
25 member that overlies but does not contact the mesas 76. The
local interconnect 114 lies within 500 angstroms of the mesas 76
because the gate dielectric layer 102 lies between the mesas 76
and local interconnect 114.
Processing is continued to form a substantially completed
30 semiconductor device 130 as shown in FIG. 12. P+ doped regions
1122 and 1124, and N+ doped regions 1162, 1164, 1182, and 1184
are formed within the n-well region 40 and substrate 10,
respectively. The P+ and N+ doped regions are source/drain
regions for metal-oxide-semiconductor field-effect transistors.
35 As used in this specification, P+, N+, and heavily doped regions
each have a dopant concentration of at least 1E19 atoms per cubic
centimeter to allow the formation of ohmic contacts.
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respect to tdnsglaling $apérs 120 B#d 122 include oRide, nitride, or the like.
1,083, 5225 Doped insulating layer 122 includes boron, phosphorus, or the like.
The undoped insulating layer 120 is optional in some embodiments
where doping from the doped insulating layer 122 is not a concern.
A contact opening 124 is formed and extends to the local
interconnect 114. A contact plug 126 is formed within the
10 contact opening 124. The contact plug 126 includes a material
that is capable of being conformally deposited, such as tungsten,
polysilicon, or the like. An adhesion or barrier layer, such as a
titanium-containing material, a metal nitride, or the like, is part
of the contact plug 126. Interconnect 131 and a passivation layer
15 133 are formed over the doped insulating layer 122 and contact
plug 126. The interconnect 131 typically includes aluminum,
copper, a refractory metal, noble metal, or the like, and the
passivation layer 133 typically includes at least one nitrogen-
containing layer. In a finished part, the passivation layer 133 can
20 Dbe covered by a polyimide layer (not shown). Other electrical
connections are made within device 130 but are not shown in FIG.
12. Additional insulating layers and interconnect levels can be
formed, if needed.

25 Alternate Embodiments
The field isolation regions 72 and 74 can be formed by
efching instead of polishing. The polish-stop layer 44 is replaced
by an etch-stop layer that includes, silicon nitride, boron nitride,
aluminum nitride, silicon, or the like. The etch-stop layer needs
30 to include a material that etches differently than the
subsequently formed insulating layer 62. After forming the
insulating layer 62, an optional reflow step can be performed to
make the insulating layer more planar before etching.
The insulating layer 62 is etched to remove portions of the
35 insulating layer that overlie the etch-stop layer. The etching step
can use wet, dry, isotropic, or anisotropic etching techniques. In
one embodiment, an anisotropic dry etching technique is
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as a polish or etch stop.

A short thermal oxidation can be performed after the

15 trenches 52 and 54 are formed and before the insulating material
62 is formed within the trenches 52 and 54. The thermal
oxidation grows no more than 500 angstroms thick of oxide. In
many embodiments, the thermal oxide is in a range of about 100-
300 angstroms thick. The short thermal oxidation reduces the

20 likelihood that a void forms when filling the trenches.

In another embodiment, the trenches 52 and 54 can be filled
with a semiconductor or metal-containing material instead of the
insulating layer 62 as shown previously. After forming trenches
52 and 54, exposed portions of the n-well region 40 and substrate

25 10 are thermally oxidized to form an oxide layer 136 having a
thickness in a range of about 50-300 angstroms as shown in FIG.
13. A layer 138 that includes a semiconductor or metal-
containing material is formed over the substrate 10 and within
the trenches 52 and 54. Layer 138 is polished or etched to remove

30 portions of the layer 138 that overlie layer 42 as shown in FIG. 13
to form a large field isolation region 132 and a narrow field
isolation region 134.

The substrate is further processed to form components as
shown in FIG. 14. Layer 42 is removed and a gate dielectric layer

35 102 and layer 142 are formed over the substrate 10 and n-well
region 40. Layer 142 includes oxidized portions of the mesas 76
and layer 138. Portions of the gate dielectric layer 102 are




&
chance was detectable between +200 suitable technique, but preferably
by vapour and +250[err]C. From the above data, it condensation
to produce the multilayer capa- will be evident to those skilled
in the art that citor 90. The netallic filns are preferably 20
capacitors or other devices constructed-lih- of a nmetal different fromthe
substrate 91, 85 accordance with the present invention have an

such as gol d reamvémtouérethém-wualrégw4Jmeand the subsﬁiﬁi@pﬁ onal

t] hereaft be
et 01 Sy e o et e 1 G0 ey ‘I
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e
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metal fil g—geawly °pe segiong 2@ tidcil62s WH4nh1182c and 184 y
el ectrodes 1Geafutmid® sdjacsat QbeEth Iéflectr des 112”0%‘15%9‘1'18” gl ass

bt Ay chigbesaifig,dsqeSbfiRiBacls fakmod aubs ?a&whmgcqmpéﬁééhé‘érv-ce
capaci t ance fasr paegiously adescribed in a pmvnmSatembodhneﬂﬁ rangecrfasured,
thcsnoupes. -1 IhLSHF anotner, dheddimehy, Fgige fnafh ! Phocase Wil a
transi stb® céargeailﬁl%ulselat@rslregm |1|52r assshowonit RIG.i 65. otn ifermamger t hi n
and that nakthe large field Wsél’&?ioﬂ' ?ﬁ%kﬁ‘{ %2, T fifd %dtﬁ’“éf ?Ng”tréhﬁﬁedﬁgg‘ lblng
separate el ectri ca c ntthacﬁI Wt%t' y T e ra
with el ectr oSl $XC ‘g 3] Qﬂeﬂﬂ"!@% Y. dHscussed e ;ﬂﬁ)ﬁl’&ﬂﬁ emhé@
filled WIth the insulating layer 62 and polished or etched to form
the field isolation regions 152 and 74.
15 ~ Problems are not anticipated if local interconnects 160 and
162 span the mesa 150 as shown in FIG. 16. Heavily doped regions
164, 166, and 168 are formed within mesa 150. In one example,
assume the capacitive coupling between each of the local
interconnects 160 and 162 and its underlying doped regions 164,
20 166, and 168 is ten percent. Also assume the potential on local
interconnect 160 is about 3.3 volts, and local interconnect 162
and doped regions 164, 166, and 168 are electrically floating. At
ten percent capacitive coupling, the potential on doped region 166
is about 0.33 volts, and the potential on the local interconnect
25 162 is about 0.03 volts. At 0.03 volts, the local interconnect 162
should not be mistaken by a sense ampilifier or the like as being at
a high potential logic state.
As an alternative, mesa 150 can be masked during heavy
doping steps to prevent regions 164, 166 and 168 from being
30 formed. Similarly, mesas 76 from a previous embodiment could
also be masked during the steps when the P+ and N+ doped regions
1122, 1124, 1162, 1164, 1182, and 1184 are formed.
Many digital logic circuits operate at potentials having
absolute values no higher than five volts. However, input
35 protection circuits typically have to guard against potentials
higher than nine volts because the breakdown voltage of the gate
dielectric layer 102 may be about ten volts. Similarly, an analog-



cision units presently on the market el ectrical connections to the

mal til ayer capa- 35 Five capacitors constructed in accordance
citor 90 can be nmade by either of two nethods, 100 ~ with the
present invention were tested over the Hi st of whichis illustrated in
Fig. 11. extended periods of tin®"to determne the The neta

foil substrate 91 is cut up into per cent age change i n capacitance
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the planar trench field isolation regions described above. The
LOCOS-type field isolation regions can be used because the input
15 protection circuits and high potential components are typically
larger than low potential components used in digital logic or
memory cells and encroachment is usually not an issue or could
even be desired. Still, none of the fieid isolation regions are
hybrid LOCOS-trench field isolation regions in this embodiment.
20 In forming these devices having both planar trench field
isolation regions and LOCOS-type field isolation regions, the
planar trench field isolation regions are formed as described
above adjacent to locations where low potential components are
being formed. Before forming the gate dielectric layer 102, an
25 oxidation mask is formed and patterned adjacent to locations
where input protection circuits or high potential components are
to be formed. The planar trench field isolation regions are
covered by the oxidation mask.
A thermal oxidation is performed to form LOCOS-type field
30 isolation regions from portions of the substrate or well regions
not covered by the oxidation mask. The thermal oxidation grows
about 3000-7000 angstroms thick of oxide from substrate or well
regions. The trench field isolation regions and regions where low
potential components are protected from the thermal oxidation by
35 the oxidation mask. After forming the LOCOS-type field isolation
regions, the oxidation mask is removed, and components or
circuits are formed. Part of the LOCOS-type field isolation



I n excess of 1000 hours. It will be noted. that HO-HNJ err] having a high
concentration of t he average capaci tance change is appoxi- HC .
The relatively thin gold filmelectrodes mately the sane at
Ovolts DC as at 75 volts 100 and 102 w LI, be rapidly etched away rel a-

DC, which indicates that no deterloratloaal tive to the rate at which the
edge of the 55 caused by voltage stress. It will be noted in

nol ybdenum  sepwnsacandbewisedba thiclkclield. okitie gaté dielectricgforg inpwatt an

appreci abl e f&fet t Si The gold filmelectrodes will be etched
back ‘HPS '%ﬁ féaltg(flglrtéoccurred during the first 24 to the points

106 and 108 for eﬂﬁﬂ 7 Tard 18 include rilbustEations of plan viewst ehdency
towards st ab'alterﬁ@@%rﬁbédn‘n‘f@nffs' bfﬂih86 ?é%rﬂ&n%ht'bhen IREFIG. 17, the

i sation ss ntl hed back to the ints
110 and 3t sedian £ ringludes & Sat: o Canceatric, Meses, 128 b i -
exalrr}ol e, by é)thensfetsnobfcdmwﬂ['ler rrié%qsenrm ase pformedn. other locatioms | y
sma uanti ti | can

t hen bg Bu?sarg gpg%w&' f@‘ nq I"at’l ?ﬁaﬁ%ﬁeﬁféﬁ gﬁo%'% M)"gi%gect ed to
t he exposed &tigh thatt Heorsua- plan vuew of thedevice, mesmpaantaarfomy have
been caused ﬁé‘ﬁéﬂ@lcﬁaré‘&avénivitﬁw' theP fﬂélg\ ﬂaﬂahq'ﬂé@on by

el ect rode de ‘sandwi ch is

e
Chen 1 10 “Besidos alfiahatic Fharagiarsasha YP® e indbsn qtha@etﬁrﬁn .
sui tabl e et cheludidy donji or Ghirtese 18Aguage characters, numerals, or the

like can be used. The widths of the trenches are controlied to
keep the chances of dishing low. In FIGS. 17 and 18, the mesas
can have nearly any shape or width. However, the trenches are

15 usually no wider than five microns. In FIG. 18, additional mesas
180 (other than the alphabetic characters) are present to prevent
the trenches from becoming too wide.



1, 083, 522 tively attack the nolybdenum substrate 91 by
pFacing a netal foil substrate 141, such but will not affect
the boron nitride filns 96 as nolybdenum in the reaction chanber and

or 98 or the gold filmelectrodes 100 and, ,successively depositing a netal
boride inter- 102 so that tHel 4ubstrate 91 is renmoved back

| ayer 142 and a boron nitride film 144 on the 5 to point 116.
For exanple, a solution of substrate Beinefitshe process steps her et of ore
70 HO -HNJ err] having a very |ow concentra- described. A
met al fiImeIectrg@e 146 is then ) i ction of HO w Il attack the
nol ybdenum at a dei planan tienchs field dsolatiam ¢egionsh caint bedféormed by

i t d ' iRt thal e Yo ¢!
Convent | opal opcning<or \gtehiig. o POF. gbliShing! the Melfifodd Bielihidg 18 | e
100 evapdrat %ﬁ{eaﬁadc'a‘h%%%%m%w'@%%mehﬁ.ar¢hlesed- Also, fchingican2 wi | |

tend to hol d héreusadhdnwicmmingawide, planalr fieldnisolationodegibis Withbot be
chosen so  7%emoving most of an insulating layer used to fill the trenches
because wide trenches are not used.

Another advantage of the present invention is the ability to

10 use etching in forming wide, planar field isolation regions. Large
capital costs are associated with having to buy a chemical
mechanical polisher. Polishing is relatively new to production
fabrication facilities, whereas, etching has been used for decades.
Production facilities are usually more comfortable using familiar

15 techniques as opposed to having to develop new process
technologies. Many processes that work in a lab do not give
acceptable yields for a production facility. Maintaining constant
polishing rates over time has also been a problem with polishing.

Polishing is typically a dirty operation because of particles

20 within polishing slurries. This can cause polishing equipment to
become segregated from other portions of the fab, requiring extra
space to be allocated elsewhere. The ability to use plasma etch
equipment allows a relatively clean process of forming the
devices without the cost or particle problems of a chemical,

25 mechanical polisher.

Similarly, a wide, planar field isolation region can be
formed without a resist-etch back process. Resist-etch back is
difficult to perform because the etch rates of the resist and a
trench filling material (i.e., oxide) must be kept close. The

30 etching step used in the embodiments of the present invention
etches the trench filling material without resist during the
planarization step.

Higher component density can be achieved using the trench
field isolation compared to LOCOS-type field isolation or field

35 isolation using hybrid LOCOS-trench field isolation structures.
The trench field isolation in accordance with the present
invention has virtually no encroachment, and therefore, valuable



boron nitride filnms 96 and 98 intact and that boron wll react wth the
metal to forma the free edges of the filnms wll tend to cone
netal boride interlayer by the above des- t oget her as
illustrated in Fig. 10 to cover the crlb%d t echni ques. Mol ybdenum nay be
used edge of the substrate eén a clip 118 can for the

el ectrode film Then a second net al 15 be crinped over the edge of
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of the masks for the part number or mask set are used. The characters
can also identify the fabrication facility where the device were
15 fabricated.

Another benefit in that the embodiments allow field
isolation to be formed without the development of any new or
marginal processing steps. Process integration is expected to be
relatively easy.

20

In the foregoing specification, the invention has been
described with reference to specific embodiments thereof.
However, it will be evident that various modifications and
changes can be made thereto without departing from the scope of

25 the invention as set forth in the appended claims. Accordingly,
the specification and figures are to be regarded in an illustrative
rather than a restrictive sense.



prior to deposition of the various layers. The refractory netals heretofore

specified can be netal boride interlayers 92 and 94, the _boron_ used in
accordance with the broader aspects 30 nitride films 96 and 98—

will cone together of the invention.
and cover the edge of the subsate 91 arod®r  An |rrportummaum vﬂm”
capacitor 140 is the edge of the aperture 120. ‘Then

that the boron nitride dielectrics 144C|apfsand nmetal film

el ectrodes 100 and 102 are deposi- 156 can each be made very thin yet can
be terd, a film122 will also coat the edge of the nmade of

di f ferent t hilcknBssemicerducioprdevice @omprising: 35 aperture and provi de

el ectrical contac ice. 100
tween the_two el etcat :égg‘ﬁ ﬁ%hte?é(%ﬁl gggﬁfdsttft g?l)gﬁg Fe@f?ﬁg bor on
nitride f?1 m 144 mi ght eevatlon and apl e net al tack 124 may then be inserted

have the least taifiddeisolatibhe re§ioncomprising t hrough the aperture
120 and wel ded by con- r|d f|| 15 r thickne

venti onal techniques t & ?*?En ng P rg to tgﬂdggﬁgne&g %Q Sﬁi tride
film 156 the attnesa dbat bas. al surface that liesaaba skeondtal film

greatest thickness The thi Cgﬁéﬁéegoﬁboron% Iow r ;ha}n the?%pend the

peri phi erg of the aperture nitr nms can be controlled
Wwith not provi d@levaleR; &id el ectri cal contact be-

consi der abl € accuracy aasnprrﬁatéﬁ!@ll mgﬁﬁmtﬁmﬁ‘ﬂﬁbtﬁénbh@ wheeéihodrg 100 and
102, the tioned, and the t?@l thl.c ness of, t he ot her
I

end 126 of the tack 124 can natera 5??%% *ﬁe"&ﬁ%tq%ethﬁ ght be

| ess than component reglon.

15 2. The semiconductor device of claim 1, wherein:
the field isolation region includes a plurality of the mesas;
and
each of the mesas within the field isolation region lies
within five microns of a different mesa within the
20 field isolation region.

3. The semiconductor device of claim 1, further comprising a
conductive member that overlies but does not contact the
mesa, wherein the conductive member lies within 500
25 angstroms of the mesa.

This Sheet Has Been Replaced




45 wel ded or otherw se connected to the netal one ml. 110
filmelectrode 102. A suitable lead wire 128 I n accordance w t h another

aspect of the can then be welded to the tac ent
invention, a thin filmof dense, pin- 1 El eFlmmmglemHm“iﬂn
is made to the sub- hole-free boron nitfilde is adherent y bon L
state 91 by neans of a second tack 130. The to the surface of a substrate
metal to whi dh iA semiconductortdevicel compeisingdes 100 and 102 are either
ot herwi se could ngf Q&é}%ﬁed by direct 115 etched away in the
areas 132 and 134 or e aﬁgl I cation, This is acconplished by first de-

areas are masked & iCOMPANEBhJSOIADHAYHND Withinp e t sulsteaten whereisy thger of
a refractory netal  componenttégibhOHasS 4 dirsPside drithla 5880hECide30 does
as heret oréore descri bed but.@:ﬁf erfabLy .Hol_yb- not make cont act
with either. Then the {GRROSI & W8hg¥6€n. niobium or tantalum form
55 130 is nerelyadinst¢dfigid Hiselaticabl egiehdthatng a second interlayer by

reacting a reagent 120 : L.al, pressed through the netal foil
sub- vvigth thegfi rst Vaqrhleﬁt gp?a bgf{??éu’ergt of ore ’ state in the
boron nitride films 96 ligsd adfacenisio i thed fiset side o thei eemponemis for bond-
and the device is heated toh Rﬁ,;tgﬁ?weld ing the boron nitride to the
refractoisd met al . E'ateirla and wel d the tack 130 to the sub-
More spetPfically, thed0@SsPPLIRCIHES @dnesa; andgy strate 91. A suitable

| ead wire 136 cangd lsatonebfigtd igolatidystregfion imatany al | oy of_copper 125_
?va)\glrgfgrteo the tack Jo%rlies the substrate: particularly suited for high

lies adjacent to the second side of the component
region; and
15 includes a fill material and a plurality of mesas,
wherein the fill material laterally surrounds
each of the mesas.

5. The semiconductor device of claim 4, wherein:
20 portions of the first and second field isolation regions lie
within trenches; and
each of the trenches has a width no wider than two microns.

6. The semiconductor device of claim 4, further comprising a
25 conductive member that overlies but does not contact the
mesa, wherein the conductive member lies within 500
angstroms of at least one of the mesas.
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Anot her nultilayer capacitor constructed in application as am EI ectrical
cenduct or, of accordance with the pres nd
which there are many. The first interlayer is m mim% raIIy
by the reference numeral 140 preferbly nolybdenum cl

.65 in Fig. 10. The capacitor 140 is madB actured strate by any SU|tabIe
conventional technique. 130 8

|, 083, 522 7. A prdtess doprfdrmirigerd Semicondpetdredevice havyig 4 rfased in
boron with  strat 98 ESIBUPH Teqiop. compABg™ g, Sgips =T B, | Zact i ng
mol ybdenum i nt er | pemingna fiestolayert of denifera hthickness | gveom rsubisttates as
not to exceed forming a trench through the first layer and within the
5 substrate, wherein the trench lies between a mesa and
a perimeter of the first field isolation region;
forming a fill layer within the trench, wherein a
combination of the fill layer and the mesa lies within
the first field isolation region; and
10 removing a portion of the fill layer to form the first field
isolation region having a planar surface.

8. The process of claim 7, wherein:
the step of forming the trench forms another trench,
15 wherein a component region lies between the trenches;
and
the step of forming the fill layer is performed such that the
fil layer lies within the another trench, wherein a
second field isolation region includes the fill layer
20 within the another trench but does not include a mesa.

9. The process of claim 7, wherein:
the step of forming the trench forms a plurality of the
mesas within the first field isolation region, wherein
25 any one of the mesas within the first field isolation
region lies within five microns of a different mesa
within the first field isolation region.

This Sheet Has Been Re,ilaced




Is preferably deposited by pyrolysis of a the tenperature-ti+m-ts-of--the
copper or copper boron and nitrogen bearing conpound or co oy. A
tenperature from about 700[err]Cto 70 pourtﬁl U I}] H—gﬂﬂ@ﬂ
substrate, as heretofore about 1050[err]C is preferr x COp-
descri bed. per 195 at 1083[err] C. The
thin filmof refractory netal may be The novel article manufactured by
the pro- 10. Adprssadsedobiothing & 'seesicohdactifpdevioy comprisiagsthe
conprised of a bodﬁ% 8% gtectrl cally- 10 per alloy substrate using any
suitabl e cont- comaBeri netal, preferbly copper or cop- 75
ventional techni gderming &xtirghl layex owbl ya- sylestratd,owherein stivef dicst of whi ch
i s coated by ' [ te a very
ref ract oriner e & BRKRBsERES! i Add ariitiime,

thin film of ta nven nal and

wel | - knowd evapor 40rBNG ifistnirencland a segand, teench through othe first
techni ques wherein the |gyéstany witlinPiie (Subiteatebfy Aefing ra ddmpohenfled by
an interlayer, pre- 15 in.,a vacuum chanber and the nmol ybdnum ferably
a metal boride. The noV8RiON: Whereiny heated until vaporised into
the chanber. The be faheicempdnendregimpdiasvai fitstiside eangda sstond

substrate is nmintained at qsiaglébé&‘gi% tﬁ)gvﬁr%ﬁ}? s the best electrical
a

conductor for general ) p | uch he nol i/bd_enum vapour
use becal@e of its hi ghheofitsictienaty lieshadjacent to the first sidedefisieor the

substrate and forma uni- Shént Pbaionveind | ow cost anong ot her rea-
20 form dense, thn fikm of no ybderw The, sons, rtain cgpé)gr a} | oys
have been deve- the second trench lies adjacent to the second ‘side o

the component region and defines a mesa; and
forming a fill layer within the first and second trenches to
15 form a first field isolation region and a second field
isolation region, wherein:
the first field isolation region lies at least partly
within the first trench;
the second field isolation region lies at least partly
20 within the second trench and includes the mesa;
and
the fill layer laterally surrounds the mesa.

11. The process of claim 10, wherein each of the first and second
25 trenches has a width no wider than two microns.

12. The semiconductor device of claim 10, further comprising a
step of forming a conductive member that overlies and lies
within 500 angstroms of the mesa, wherein the conductive

30 member does not contact the mesa.
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filmof nolybdenum should be relatively thin |oped, and are wel | -known,

whi ch may be and preferably |less than about 2.0 mcrons in used
at tenperatures substantially above the t hi ckness, and nore
particularly may be as maxi num usef ul t%ggerature of pure copper

thin aa from 100 to 200 angstrons. It is$4)* because of higher strength,
yet have conduc- 25 lieved that athin filmis desirable because the
tivities approachi ngSEMICONDRIGTOR®IEY IAAANG OLADION i ci ents of
t hermal expansi on of nol ' L i : 'lgéﬁrrrs of copper
denum and copper are not al | oys.

mat ched and a thick filmwould be nore in- El ectrical contact can be
made with the clined t ummi; mal cycling.

el ectrodes of the device 140 iﬁbtgﬂlgﬁgraﬁfngpg TD@EIé%hlﬁé The interlayer film

of nol ybo@num may illustrated in the transverse cross section of 95

al SE_ be depos: te?,mﬂbwe amd a#ideus&ahﬁatﬁelw isolafibg. rd?)ghy(m,i 74, el §t29r
maski ng or s . i X 0 . eposi tion
tech- etchi ngﬁchﬁéhdésfor\ﬁ%‘ﬁ &lﬁ%'&%ﬁé@%ﬁ (%2 5 ru"ﬁﬁhq%e such as,
for exanpl e, substratar (H@n rBor wigehnptanar field:lisolatieny regionsst(vlp HB2,net al
duction of |-y d | | a4 d
substrate prg'(:?)eé(; ‘FQEY,‘ gg& qﬁ%‘f(?.'déeg (Srgéﬂgqeaf[ﬁaoraéa%%gvg%nnggnﬁssvg@ 556, in the

Feact i oril @harkl, 180) Wb tihen field risolation’ region T2, b2odbAGm 162)m may
al so be appl iTatb Yehéived | (5%, 54) &ireaYifledlddth & enaidriil (KEC}O'MI' gide
conventional sputtering on eletrpchemcal de- film.J1l44 and the fi met al
film el ect ro@éﬁufiit@_c{ o%fthed 36 fSrhs "the planar field' isolation region (ﬁ
74, 152, 172, 182) where the wide, planar field isolation regions
(72, 152, 172, 182) include the mesa(s) (76, 150, 170, 180).

15 Etching can be used or by polishing with minimal, if any, dishing
occurs because the widths of the trenches (562, 54) are kept
relatively narrow (usually no more than five microns wide).

Mesas (180) within a wide, planar field isolation region (182) can
form linguistic characters to better identify the part number or

20 mask set of the device. The planar field isolation region (72, 74,
152, 172, 182) can be formed near LOCOS-type field isolation
regions when required for certain types of input protection
circuits or high potential components.

Fig. 10 accompanies this abstract.



position techni ques. Then the area 160 is covered by
a- sui tabl e The second interlayer between the first mask
extending along the entire length of the 40 netal interlayer film
and the boron nitride substrate 141. Then the second in interlayer 105

is formed by reacting a reagent with the netal 148 the second boron

nitride film 150 and filmto forma boride, nitride, oxide or

ot her the second netal filmelectrode 1520are de- conmpound of the
metal | which c posited. The area 162 is then covered by addi -
bond with th A de fil m whi i onal maski t he
third interl be subsequently deposited th on, and re the
third boron 156 and thg third 11 pecifical}y may
be fornmed by, n met al filn1ek§c rode 158 deposite§. Then
w th the net filmto'prjoduce a netlal borrde §J t he maski @ can 1r noved
and the el on The netal |boride may be fornedjJgated strfp of
foil 141 cut into the ™ y heating fiNJe substrgie in

t he presence unber of cdpitor sandw ch unit N borfon
trichloride et of ore degd> |The coructors 16 N166, 168fand 179
can ribed. Thg boron nitrfde fil m§ay be for 3 t hen wel ded
to the subst?&{e 141 andl{the by the|reaction &f boron arfgdridrogen §rom
suit- first,Nsqcond, and third netall filmel edtrodes N abl e}source
reagents on laNeated subgtrate 146, 152 and J58 respect{fNely. The pdges of
upon whi ch the}first andfsecond intgrlayers he capaci Q can be eaned
by suiyabl e Q{\h- o ~
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have been forned using the process heretofore ing material to material to

renove netals which have 120 descri bed. For exanple, the boron
nitride w ped over the cut edges and woul d ot herw se filmmay be
deposited by the thermal deposi- tend to short out the capacitor. The
capaci - tion of beta-trichloroborazole on a heated tor can then
be encapsul ated is a suitable substrate. O the boron and
nitrogen may be insulating material in gjgonventional manner, f or med
fromboron trichloride and anmoni a i f desired. The process of
form ng the second interlayer The alternative process attaching the

on the first netal interlayer and depositing the |eads to the various

el ectrodes of the capa- boron nitride filmon the second
interlayer citor 140 involves the successive and selective can be
carried out in a conventiona various | ayers.

When usi ng such reactipn c r generahly illus- a
techni que, the netal filmelgct r'i(; g{%ﬁﬁ‘@ §b

LAYER OVER SUBSTRATE

ETCH TRENCHES FOR 32
FIELD ISOLATION

DEPOSIT AN INSULATING |-34
LAYER TO FILL TRENCHES

POLISH OR ETCH THE 36
INSULATING LAYER -

FORM ACTIVE 38
COMPONENTS

F71G.3




1, 083, 522
a-netal,

that will
strength of 200
DC per

in which the boron
nitride is stabl e,

such as nol ybdenum
not be attacked by the Herr]PJerr]

etchant for

m cron of thickness and 5000 volts

t hi ckness at

such as a sol ution of3HL -

volts

DC per

m |

9

boron nitride,

preferably of

radius of 1/8 inch. The boron nitride filns
exhibited a dielectric
but which will

be

attacked by an etchant

roomt enperature.

5

A cal cul at ed capacitance of

50,000 micro 70 HNO err] .
m cro farads re~gnch fo et al
filmelectrod 58 is fiRst thpck fon nitri{e filmwas .Y The
etched away b Cl-HNOJ ergy] to pxpobpl tke bordn nitride ns are sgabl e
inair up to Y iYd boron NAY T de fgé 56 in bot
800[ err] C Jneykpn protectfthe spbs e et 10 g this
step the thir oron agd nst oki ohy The bgron nitri
nitride |ayer 4 will pygotect e cond netalf stgdle i and
alkalis irnglu g aqua f eIec§Eod 152. \Next thigd poron
regia, HF-HN&err] and OH. Thiekefwyr e\] e i F I n
the areas 160 162 i s} novelca rtors canibe used i /\i h tenpe}a-
N
| } N
N
AR
N
1 N 1
N
oy
O\ \\A/% " A/%
NS ! N 9| %A(“}o
N N —HN
L(N)\h../\ / .\\ I\A/L‘N) R %_/\ '\IA/?’)
% ‘OI AN © ©
oy [AIN N NN R o STIHR o
L() Lf) N
N © LN © ©
oy N INEEY s+H—N©
O \\\4/“’ | © %’\\L/%
I\
o AR N8 o OI~INR] o
O\ -0 o I 0
© © \\\\
%\f\ N N R N N4 N N
N © AN © ©
[8.\3 Al NS N '\I Y %’ § f\I N
W X ~ w0 Dl
s AR [ QR g [ e lR
i CINSN N RONE NGl NG
o \
ALY N INES N SN o
O N k \ -0 . %—\ Pl
N © N © N+ N ©
N
> N | | \\ ‘\L/L‘N) P '\IA/“N) |
©
YN YN Y
<l | \\\\‘ sl | SER
~ <l
N 3N Y
IKYY } \\\\ <t ] I -}
J ANV // //
\\/\ gy




etched away by hot Herr]PQJerr]. Then the third tures even in the

pr-esence or otherw se del e- 15 netal boride interlayer 154 is etched
away in terious anbients. However, we have dis- 80 the areas 160
and 162 to expose the second covered that hot Herr]PQJerr] will attack

t he boron metal filmelectrode 152 over both areas. The nitride
filmat a rapid rate such that novel second netal film el ectrode
152 and the selective etching techni qued/l@an be used in second
boron nitride film 150 can then be suc- the construction of capacitors.
Novel nmulti - 20 cessiWly etched awa® in tie area 160 to ex- |layer

capaci tors have al so been #escri bed 85 rA\ ~-pose the flrst metal film
el ectrode 146. The et Gl

| eads 164, 166, 168 and 1748 ¢an then be Ve IEVICES to ve very
hi gh capacit- ~corneyted by sone cgnverdN pnal techni que jance

val ues. uch% N pi ng %g th dpayi encapo The }bor on
nitride insulatiop fil e su atjed’!i oesired‘%b a suifgable

i nsulating parediby the dboye process hp suger| or dec- 90

mat eri al . tni ifcs, such
as dielectric st nﬂ OIS NI Fe4i nventi on
end resistivitlﬁ m\n eNPpedhal NI 6N IJ‘P\E\ | 7
mcro-circuit conp |sed of aresistoty fN /s are also strongly gdherent to
t he sub- end a capacitor cofthect®d in series can be stYate and
are sufficiently ffl exible thQ%Lcoated 30 constrgated I n aCCurdance
with the present wire my be ed for supsyantially con-
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I nvention nmerely by controlling the thickness ventional purposes. The

substrate is chem c- and properties of the netallic film

el ectrode. ally stable in a wide variety of corrosive For
exanple, the electrode film46 in Fig. 3 media when coated by the boron
nitride. could be a high resistance netal such as tan-
Specifically, the boron nitride filns are in- 35 talumrather then

al um nium The thickness soluble in andbffotect the substrate in the 160
of the metal filmcgn bgaccurately controlled presence of Herr](ferr]

HC (dilute and nc ral'y, y ling thg, pa of t he
vapour HNJOerr] N(dilute nd conce Hierr] SO & ' phase
deposition proce so t hat resi stan [ and concep e aqua
regia, Nerr]OH, S ojo} the desi chn be ogt fra\péd- KOH
(dilute and conceptrate) ™ cfyolite m apaciti , the
substrate 40, th tures, d HF_(dil entrate
boron nitrinde fi di el ectfi ¢ 44Nand boron nitrd¢
stable in a\iurQH, o q; trodg £i M i tjen connectigd]i ips with
about 700[err n -p(b_ec “the coppe] the re - by the
metal film om oxi daty on, but a nst abl § above abo
From the above dppcription,}it will bplevi- 80ferr]Caft m nuf§es
Negligible |oss R}f dentJto those illed in }he art=X bor on
nitride by evapokpti on occyrs when thgl 110 an '
process for manufacturing Jfilmis he at 900[¢rr] C i ). 01
el ectrical capacfyors has peen descrijged. A m grons of t he
above data
o oy
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novel capacitor

I msul ative proper-
ties and chem cal

pure and fl exi bl
strongly 115
adher ent,

boron nitride is a nmateri al

envi ron-

and the thin ing

Further, a @pvel

thin boron nitride filnms are highly

not heretofore available has relating to the flexibility,
al so been described which is conprised of a

stability at elevated tem 50 dense, continuous,

e dielectric peratures, it will be evident that the

| ayer which is strongly adherent to a netal
foil substrate.

useful in in6{Pation in various adverse
ich has not heretofore been available in this_ nments,

-“i!E?E . formand in g -yfllns.

The
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ings § n the space requ
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process hasthee ﬂ (i Re@' f o ~ factuging for w ndingg
transfornersbﬁnu e 1K ’ﬁulégl‘yer capacitors o quality,
and |ike. af o1 \@. 4L SnobBai pabl e. - The boron ri de
dielectric fil 0 h Welpegqpagi tors WHAT WE CLAI of
this invention Ldange chgs&fromfo. 2 1. A proce
manuf act uri ng a?/ﬁ E'ngcrgns in thickness. | itride
devi ce i ncl udi ng” tfs_skeps pfldapesi?ing a f i B[ ] ni f orm
and are conti nupMs PN, e \POF nitridg filmon a subStrpfe and 1
bonded to the sigm ]t e\ b p| ijn8erl ayef. adhering it g} an
interlayer of Boy G rife filjs 0.5 mcron thi pt eri al
formed on the Sébg raf & apidrd &jt- sitpd upon a 10 m | M and
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and
i ncl udi ng

capaci tor

[err]

film

manuf acturing an el ectri cal

7/10

2. A process for

talum wire did not crack when bent at a
lead to the netallic el ectrode
film

1,083, 522
an el ectrical
the steps of formng a
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metal boride interlayer on a netal electrode 8. A process for

manuf acturing a nul ti - by reacting boron with the netal

el ectrode, |ayer electrical capacitor including the steps 5
depositing a boron nitride filmon the inter- defined in claim7 wherin
the metal foil is 70 | ayer, and depositing an electrode filmon
the nolybdenum and the boron nitride filnms are boron nitride
film renoved b§/I@ot phospohric acid.

3. A process for manufacturing an electrical 9. An electrical device
havi ng a net al c£$a0|tor i ncl udRing thsteps defined in claim

el ectrode, a boron nltrlde“flln1chen1cab%y ~~ 10 2, mhereln t he net al
boride interl ayer je=D0M%ed = @ SLle, DV il 75

formed by heating fhe rreth\ o a terrperae Ko ,yand a
metal filmelectrdgde in the rapgq of jabput 700-1700[erg]C in the
attached to the bron%|tri\[afilr%’ E ﬁ“ epence ofg hal i de
the boron nitride{ 10. AnJlel pctric dev di™vging at %

filmis depositedjby heatlﬁb the metal tp upstrate an |nter ayer and
an el ectrode 15 teﬁ%gfature in thpg angq 0 bcnded

t oget her V\/nereﬁn{ m% o“ :I X h N f of

reagents contai
i ng boron and nitrpgen, and the eIec@xodr ilm the interlayer i
essentially a refrjactory netal N deposited by vapour phase

condensati on. b¢ri de. ég ﬁ\1process fejlnanufactu ing an
el ec- 11. A pfocess for p05|t|ng a\i\rongly
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A3

trical capacitor including the steps of, masking adherent, dense boron
nitride filmon a sub- 85 an area of a netal electrode, formng
a nmetal strate including the steps of, producing an bori de
interlayer on the unnmasked area of the interlayer on the surface of the
substrate by netal electrode by reacting boron with the reacting a reagent
with the substrate, deposit- netal electrode, depositing a boron nitride
filming a filmof boron, nitride on the Y erl ayer on the
interlayer, depositing a netallic elec- whereby the interlayer bonds the
boron 90 trode fRkm on the bodn nifkide film and nitride
filmto the substrate. S renovi ng#he masking to nake el ectri cal
con- 12. A process PGl 4 the netal
el et r ode. agkgrent, denseq\lororf rfitride filmon sub-

5. A process for nuf acturli g an el ecti c4l str}Ne as claimed in§glaimll

wherein the sub- B0 gfpadiy

i ncludes a refractfory netal
filmto the surfade interlé)er i ncl udes |a refrégtory nmetal bori d¢.

of a netal foil byl an_ intefkgyer, renovi 13 |A process for dgpositing
a strongly N{ LN porii ENDOR OINCTTINE M) : t
acid to

adherent, dense bofon nrirrde rTtroma—s
permt electrical Jontact strate as claikmdd in claim 11 whereinft he

35 to be nade with the netal foil, and deyposit- substrate incl @des
nol ybdenum and thel inter- 10 l Nhg an el ect%Pde filmorg the boron

nitride film laygr includes a boride of | ybdenum

N
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or inghudin heyiqt.gps of chggpically strate
nd thé%I 95 %’ \ bondi n borongnitride
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b1

6. A process for manufacturing an el ectrical 14. A process for

depositing a strongly capacitor including the steps of formng a
first adherent, dense boron nitride filmon a netal - i nterl ayer
on a first nmetal electrode by react- substrate as clainmed in claim 11
wher ei n: 40 ing a reagent with the netal, adherently de- the netal
substrate is a ferrous base alloy and 105 positing a first boron
nitride filmon the first the interlayel0/ilc a boride of at |east one of
t he i nterlayer, adherenty depositing a second constituents of
the all oy. metal & ectrode filn¥on tHg first boron 15. A
process for depositing a stfengly ~~ nite{de film formng a second
i nterlayer on adh | Ll 45 the
second netal el ectfode fil y reacting %h subgt fat e 1 ncl udi ng e steps
of : produci ng an r eagent th metal of the eljectrode
film interlayer jon t ace t he ?Q~ab - o adigerent |y
depositing a secofpd bé? ifride Ltrat= )fnlaa ting boFBL with § he netal
to fil second interl ayey, apdf{ depositing produce a
netal boride intenl ayer, de- a khird netal electrdde filmon
the second pq${?|n Qi cay ' 50 boron
nitride film 4%\xu bsition
whereby the 115 7. A procespk for manufacturing a tilayer
i nterl ayer bonds tfhe boron nitride to th netal el ectrjca
capacitor includigg the step%%ﬁe, subst form ng &n
i nterlayer on bot S|de&30f taI 16. A procesggkor deposi §ing a
strongly ‘O
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4 . . ,‘
foil substrate by reacting a reagent wth the adherenté{\ ng l&o‘ren -¥

ni-tride filmon a netal 55 netal at a high tenper dé—;;poleg a
substrate including the steps of: formng a 120 borm itride
filmon each of the interlayers, netal boride interlayer on (Lhe nmet al by
heat - depositing netallic electrode filnms on each of ing the
netal substrate in a | ow pressure the boron nitride fil ns,

sel ectively renoving atnosphere in thegresence of boron trichlor-

a portion of the edge of the metal foii such ide, and fornming a boron
nitride filmon the 60 that the edges of the boron nitride filns

ext end lnA%hMHu&b‘rdeﬁbb&ﬂ ﬁ -netal substrate in a 125 beyond

t he edges of the netl selec ure_at nosphere in the
presence of &¢omponent r?%’%b? E‘W ﬁ@# ?)tfaof‘flvﬁtpelieév& &y aB‘? t he boron

bet a- t ri chl orafirst fieldlisplation region havmg 4 widtleofat deantterminiebrs; whor the finst field
expose a 17. A jRLi66 nfoﬂ'haéjEH% aﬁﬂla{i%t §a8e ¥nd includes: portion of

t he edge of the matﬁ f0|1 ere ense horon nitride filmon a
met al 65 at?HShiteRs éﬂnéﬁ@eqem@éhef%wnﬁgr?%nmt al foil substrate

i ncl udi ng the stepssingle nwbaamm dther mekd Gvherein:
the single mesa has a surface that lies at a second elevation that is not substantially

lower than the first elevation;

S the first trench laterally surrounds the single mesa within the first field
, isolation region; and
the first trench has a width no greater than about two microns along
opposite sides of the single mesa; and
a fill material lying within the first trench, wherein the fill material lies between
the single mesa and the component region.

2. A semiconductor device comprising:
a substrate;
a first component region lying within the substrate, wherein the first component region
has a first side and a second side opposite the first side;
a first field isolation region that:
overlies the substrate;
e lies adjacent to the first side of the first component region; and
does not include a mesa;
a second component region lying adjacent to the first field isolation region on a side of
the first field isolation region opposite the first component region; and
a second field isolation region that:
overlies the substrate;
lies adjacent to the second side of the first component region; and
includes a fill material and a plurality of mesas, wherein the fill material laterally
surrounds each of the mesas in the plurality of mesas.
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1, 083, 522 11 et al

substrate in a reaction chanber and 18. An article of manufacture
including a 20 evacuting the chanber to a | ow pressure on netal
article having a filmof dense boron the order of one mcron of
mercury, filling nitride bonded to a selected portion of the t he
chanber with a boron halide vapour to a surface of the netal article by an
i nterl ayer 5 pressure in the rapge fromabout 5 microns of netal
bori de. to about 500 m crons of nercury and heating 19. An
article of manufacture including a 25 the substrate to a

t enper at Birfe semicoindnctondgeice comyisimgt t i cl'e having a fil mof dense boron from

about 700C toagﬁgggte?ﬂz‘ggé Iggé;tg?&‘?lﬁﬁeaﬂd?g&%%éﬁ]&iggnded to a selected portion

of the or a _metal boride surface of the
metal articl ea Bist eemponestlyingat least partinhy withisy the fizst portion.cukeminthetfitet chanber
to a low of a congipedentlis SdighedBiralfirst potential; Pressure of about one
HRERAIC I AT T R R DR
wherein:
the first field isolation region includes a plurality of mesas laterally surrounded
by a fill material; and
s any one of the mesas within the plurality of mesas lies within about five microns
‘ of a different mesa within the first field isolation region;
a second component lying at least partially within the second portion, wherein:
the second component is designed for a second potential; and
an absolute value of the second potential is higher than an absolute value of the
first potential; and
a second field isolation region within the second portion, wherein the second field
isolation region is a LOCOS-type field oxidation region, laterally surrounds the
second component and does not include a mesa.

4. A semiconductor device having a first field isolation, the semiconductor device comprising:
a plurality of first trenches within a substrate, wherein:
the plurality of first trenches defines a plurality of mesas that, from a plan view,
s define a plurality of symbols;
the semiconductor device includes an identifier selected from a part number and a
mask set; and
the identifier includes the plurality of symbols; and
a fill layer within the plurality of first trenches, wherein the first field isolation region
includes the fill layer and the plurality of mesas.
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iO mcrons to about 20 mlineteres of ner- ABEL & | MRAY,

cury and heating the substrate to a tenpera- Chartered Patent
Agent s, ture in the range from about 700C to about
Qual ity House, 1700C until a filmof boron nitride of the
Quality Court, desired thickness is deposited on the inter-
Chancery Lane, | ayer.
London, WC. 2. Leam ngton Spa: Printgd for Her Majesty's Stationery

Ofice by the Courier Press.-1967. Published at The Patent Ofice, 25,
Sout hanpt on Bui |l di ng, London, WC. 2. from which copies may be obtai ned.

5. A semiconductor device comprising:
a first field isolation region including:
a mesa; and
a fill material laterally surrounding the mesa; and
a conductor over the mesa within the first field isolation region, wherein the conductor lies
within approximately 500 angstroms of the mesa of the first field isolation region.

6. A semiconductor device comprising a first field isolation region including:
a mesa, wherein:
the mesa further comprises a first doped region near an uppermost surface of the
mesa; and
the first doped region has a higher doping concentration than a portion of the mesa
near a bottom of a trench beside the mesa; and
a fill material laterally surrounding the mesa and overlying the bottom of the trench.

7. A process for forming a semiconductor device comprising the steps of:

forming a trench within the substrate, wherein the trench defines a mesa;

forming a fill layer within the trench;

removing a portion of the fill layer to form a first field isolation region having a planar
surface, wherein the first field isolation region includes the fill layer and the mesa;
and

forming a conductor over the first field isolation region, wherein the conductor lies within
500 angstroms of the mesa within the first field isolation region.

8. The process of claim 7, further comprising the step of forming a gate dielectric layer between
the steps of forming the trench and forming the conductor.

9. The process of claim 8, wherein at least a portion of the conductor is formed on the gate
dielectric layer.

10. The semiconductor device of claim 1, 2, 3, 4, or 6, further comprising a gate dielectric layer
and a conductor, wherein a first portion of the conductor overlies the gate dielectric layer and a
second portion of the conductor overlies the mesa.

QEPLACEMENT SHEET

18 FEB 2000

* c L ] $ *




-19-

11. The semiconductor device of claim 1 or 5 or the process of claim 7, wherein:

the mesa comprises a first doped region near an uppermost surface of the mesa; and

the first doped region has a higher doping concentration than a portion of the mesa near a

bottom of a trench beside the mesa.

12. The semiconductor device of claim 2, 3, or 4, wherein:

at least one mesa of the plurality of mesas comprises a first doped region near an

uppermost surface of the at least one mesa; and

the first doped region has a higher doping concentration than a portion of the at
least one mesa near a bottom of a trench beside the at least one mesa.
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