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CONDUCTORS FOR MICROELECTRONIC CIRCUITS

AND METHOD OF MANUFACTURE
DESCRIPTION

BACKGROUND OF THE INVENTION
Fiéld of the Inventiop

The preseﬁt invention is related to coaxial
conductors and, more particularly, to proceéses of
ihtegrating coaxial conductors onto integrated
circuit chips. | ' -

Background Description

Coaxial cables are well known. Miniature
coaxial cables are also well known. Coaxial cables
are widely used fo; low loss data transmission.
Signals transmitted on coaxial cables are shielded
from exterior noise that might otherwise interfere
with signals on an unshielded line. ’

To reduce signal loss, signals transmitted on
coaxial cable reguire termination for impedance
matching. Typical impedance matching termination on
an integrated circuit (IC) chip is a resistor tied
at one end to a supply.

Very few IC processes include coaxial signal
distribution conductors because of the difficulty in
fabricating coaxial structures in IC processes.
Further, -prior art coaxial conductors have
‘irregularities in spacing between the core conductor

and the outer shield conductor. These irregularities
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i pprgniform characteristic impedance along
the conductor. The nonuniformity in the
characteristic impedance introduces noise from
reflections and attenuations into signals on the
core conductor.

Thus there is a need for coaxial conductors in
ICs that have uniform spacing between the core
conductor and the outer shield conductor.

SUMMARY OF THE INVENTION

It is a purpose of the invention to reduce
noise on signals transmitted on integrated circuit
chips.

It is another purpose of the present invention
to simplify fabrication of coaxial conductors on
integrated circuit chips.

The present invention is an integrated circuit
(IC} conductor and the process of making the
conductor. In a first preferred embodiment, the
conductor is a coaxial conductor. Multiple
conductors may be included in the first preferred
embodiment to form, for example triaxial conductors.
In a second preferred embodiment, the conductor is a
clad conductor. In a third preferred embodiment, the
conductor is a monofilament conductor. _

First, in all three preferred embodiments, a
trench is forﬁed in a dielectric layer. An outer
material layer is deposited on the dielectric layer
and in the trench. The deposited outer layer is
thick enough that as it forms along the sidewalls of
the trench, it builds up along the surface edges of
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l.,ead to nonuniform characteristic inpedance al ong the canductor. The
nbnuni formity in the characteristic inpedance introduces noise from
reflections and attenuations into signals on the core conductor.

Thus there is a need for coaxial conductors in Ics that have uniform
spaci ng between the core conductor and the outer shield {GQHEBUSHERT. HAS BEEN
SUWWARY OF THE | NVENTI ON According to a first aspect ®EPLACED

i nvention, there is provided a method of3-maki ng a conductor on an
integrated circuit (1C) conprising the steps of formng a trench in an
insulating material, formng an outer layer of a first material on the
insulating material and in the trench, the outer |ayer seam ng together
over a void in the trench, opening access holes through the outer layer to
the voi'd and fill inghermrenﬁhjthﬁh tonoemsiesngogetiam dh. a seam ove&ccording
to a second aspect pf r{éﬁv%%hgﬂ Lhele ﬁ EQ:‘ﬁed%gaﬂ nﬁt&}ﬁ %f maki ng a
coaxi al conduct or on an I ntegrate ger it % %§ rising t eps of
etching a trench |nm%ﬁﬁﬁ#ﬁ%ﬂ¥§WEﬁglﬁayQ@dUQ§épgstﬁQQjaénf@ﬁtEhe(ﬁﬂﬂ§¢ctor

| ayer ontthetlh nsul aél?l?]kgilin@fﬂf ﬁaashhm EhRdct8RC él@@d@ﬁ&%a’@éﬂ?ﬂc'[ or gayter
seani ng together in_the trench qv VOi xcess. out er conductor
material fromthe |ﬁ%fﬂ§ﬁ%|ﬁfcpg§ ?mb?ﬁﬁﬁﬁﬁg L@€g§§£ﬁ8$8§ 3} ough the outer
conductor |ayer to dhelextirdc €behthg tﬁna:d)umhmdmmc&umbnofimamtal in the.
void to w den the voi éﬂay n Ehghgo%fkgg Eg?éﬁiqggﬁerag ric,

depositing a core con uctor Re core condu fin e void and
renovi ng excess cor@#%kﬁﬂﬁﬁygoﬂlnatel$¥ﬂr“ﬁ§oﬁ$¥mﬂﬁ-Pﬁsﬁh&tW#&ﬂﬁaﬂﬁéﬁhe

According to a thirgoaspRefed aOkotrBechidaitorons £difka if ﬂﬁ&ﬂﬂf&i a nethod of -
maki ng a cl ad condugct or an n integrated circujt (10 i,ng the steps
of etching a trenchl"i“FF%r’FOi *’% a&?@ﬁ ﬂ‘&%’c%gf ’?ﬂsi ®ng layer on
the insul ating | ayefild mithha tbﬁdm:ditoﬂ fer chetddithe blaa@rar&ieam ng toget her
in.the trench over ss cladding material fromthe

insul ating |ayer, é@b éﬁ%}a§§§ggégﬁ&? gﬁhrough the cl addirng | ayer to the
void, etching the surface of the cladding layer in the void to widen the
voi d, depositing a seed |ayeg I%pqmﬁﬁﬁ& 2% oF Rk NSrAwEel d. depositing
conductor material on the seeﬁ ayer renovi Ng excess e dep05|ted
conductor material and seed | ayer material fromthe S|C{err]

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

Figures 1A-C show a trench formed for first
preferred embodiment, coaxial conductor;

Figures 2A-C show the outer conductor an a void
formed therein in the trench of Figs 1A-C;

Figures 3A-C show accesses opened through the
outer conductor of Figs 2A-C; '

Figures 4A-C show a dielectric liner formed on
the outer conductor in the void;

Figures 5A~C show the core conductor filling
the void in the dielectric liner;

Figures 6A-C show the first preferred
embodiment coaxial conductor;
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According to a fourth aspect of the invention, there is -provided a nethod
of making a conductor on an integrated circuit (1C) conprising the steps of
forming a trench in an insulating naterial, formng an outer |ayer of a
first material on a bottom portion and

REPLACEMENT SHEET ' -3 -
sidewal s of the trench, further form ng the outer |ayer outward fromthe
si dewal 's on upper portions of the sid |l's of the trench, seam ng

together the outer |ayer forned on the upper portions of the sidewalls
thereby formng a void, the void running along a |length and substantially
underneath the seam and within the trench, the void being encapsul ated -
within the outer |ayer, opening access holes through the outer layer to the
void ard filling the voi Higwtds CORdchbROa NElREAL . layer formedchwrding to a

fifth aspect of the . inventian, re is,provided t ~ ing a
coaxi al conduct or oﬁhgngfé?‘%egroa’{ gg‘g(’?i‘riﬁié J(q g’%%ﬁ%@%&&%ﬁg&zt eps of
etching a trench i nexbofibimentitdlegl lcapdncteleposi ti ng an outer conductor

| ayer on a bottom porti O@imfiﬁe‘@l héw?%céé%ﬁeygﬁ&%d fwrblign £y m ng the
ewa

outer conductor |ayer outward fromthe si S on upper portions of the

sidewal | s of the tr&AERIIRGARYRT fg&iasr TAHe touthe ¥fduct or | ayer fornmed

on the upper portions of Fifersd dewal khokhesriictbermtrialveidiiide void
runni ng along a Ien% h and. substantially underneath the seamand within the

trench, the void beifi§ &/t3bsul ated within the outer conductor |ayer,
renovi ng excess outer coRtgetes 10&-€r showfhemsehend msdfafrirnd | ayer, opening

access hol es throug R84 15 ahRLedayer to the void, etching the
out er conduct or mat %P%a?##?hcel void to V\écfén'the void, lining the void

with an inner dielectricFigeprssililitng ahedran cukatcdinleatréccd?¥ekonduct or
filling the void angift8MRVWdéih @HeI%SnC Oh CLIO RFUBER o fBtiRfsl. alaf1OM t he
i nsul ating | ayer. . Accordi_n tg a sixth aspect of the wgzhentl on,
there is provided a nmet hBHYFeSd4 'g: show accesses opened through the
outer dielectric layer to the void of Figs 11Aa-C;
Figurés 13A-C show conductor material filling
the void; ' .
Figures 14A~C show the third preferred

embodiment monofilament conductor.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

The present invention is a family of dielectric
encased conductors for integrated c¢ircuit (IC) chips.-
and the method of making the conductors on IC chips.
In one preferred embodiment the conductor is a
coaxial conductor. In a second preferred émbodiment,
the conductor is a clad conductor. In a third
preferred embodimenﬁ,'the conductor is a
monofilament conductor.

Figures 1A-C to 6A-C show the first preferred
embodiment conductor, a coaxial conductor for

microelectronic circuits, after preferred steps of



a clad conductor on an integrated circuit (I1C conprising the steps of
etching a trench in an insulating | ayer, depositing a cladding |ayer on the
insulating |ayer and on a bottom portion and sidewalls of the trench,

form ng the cladding | ayer outward fromthe sidewalls on upper portions of
the sidewalls of the trench, seam ng together the cladding |ayer fornmed on
t he upper portions of the sidewalls thereby formng a void, the void
runni hg along a | ength and substantial I-p-underneath the seam and within the
trench, the void being encapsulated within the cladding |ayer, renoving
excess cladding material fromthe insulating |ayer, etching access hol es

t hrough the cladding |layer to the void, etching the surface of the cl adding
| ayer in the void to widen the void, depositing a seed | ayer, the seed
layer I'ining the veadingepesicohdgctondtigoresateréfalerenat hkasedgw, ayer and

i th { t t |
femvi ng excess g JEPOri e acBNAUEL Q6 TR BEOA- A 1RRY baey material

BRI EF DESCRI PTI ON thrapgh BRENERAESFigs. 1C-6¢hare giesHschdvand-Yi%ier obj ects,
aspects and advant ggegsiydl hewkethesudnderst ood fromthe follomnng

detail ed description of__a preferred enpo |nent of .th don W th
reference to the dramﬁ Jﬁ % ”qu_ = SP& %TA?%S how a trench

formed for first pleﬂﬁmrthidkﬂmutdnedieleniaxcalaynxnd@@tQf,lnsulatlngFlgures

2 © iQ\Og the outep, conductyr R0d.d 4914 bRt BBtnidierelassp g trench of
J Preferably the insulating matefial is silicon oxide,

the layer 100 is slightly thicker than 5000A and the
wafer 102 is silicon. Next, a 5000A deep trench 104
is formed in the outer dielectric layer 100,
preferably using lithography and reactive ion
‘etching (RIE}. The trench 104 defines the size and
shape of an outer conductor. Alternatively, any
suitable etching technique may be substituted for
RIE. Preferably, although not required, the walls
106 of the trench 104 are bowed out, so that the
trench’s width is greater at its middle than at its
top. Preferably, each trench’s aspect ratio
{height/width}) is 21.

Next, in Figs. 2A-C, an outer conductor 108 is
formed in the trench 104. The outer conductor 108 is
analogous to the wire mesh shield in state of the
art coaxial cables. To form the outer conductor 108,
a very thin seed layer 112 of TiN over Ti is
deposited on the outer dielectric layer IOQ and in
the trench 104. Preferably, the seed layer thickness
at the bottom 110 of the trench 104 should be,
depending on the trench dimensions, 30-3000A TiN,
preferably 50A, on 30-3000A Ti, preferably 50A.

Then, the outer conductor 108 is formed on the
seed layer. Preferably, the outer conductor 108 is a
3000A tungsten layer deposited by chemical wvapor



Fi gures 3A-C show accesses opened through the outer conductor of Figs.

2A- C; Fi gures 4A-C show a dielectric liner fornmed on the outer
conductor in the void; Fi gures 5A-C show the core conductor filling
the void in the dielectric liner; Fi gures 6A-C show the first
-preferred enbodi nent coaxi al conductor; -4-
Figures 7A-C show a cladding layer fornmed in the trench of Figs. 1A-Cin
the second preferred enbodi nent clad cofiduct or; Fi gures 8A-C show
accesses opened through the cladding | ayer of Figs 7A-C to the void;

Fi gures 9A-C show conductor material filling the void; Figures 10A-C
show t he second preferred enbodi nent clad conductor; Fi gures 11A-C-

show an outer dielectric layer with a void therein in the trench of Figs.
1A-1G - deposition (CVD). Preferably, the deposited
conductor material thickness, essentially, is
uniform on the field and in the trench 104, on its
sides 106 and bottom 110. Deposition of the outer
conductor 108 continues until the material build up
along the trench’s sidewalls 106, is thick enough to
.Seam together,'merging together to form seam 116,
while leaving a void 118 beneath and running along
the length of the seam. Thus, the deposited’
conductor material must be sufficiently thick that
the seam forms at the top of the trench, while a
void or "low density" material remains embedded in
the outer conductor material,:along the whole length
of the seam. Excess metal is §emoved from the field,
(the wa¥fer’s surface around the trench 104)
preferably by chem-mech polishing (CMP) the wafer.

Optionally, a capping qielectric layer may be
formed on the outer conductor 108 at this point.
However, preferably, the capping dielectric layer is
formed later in the process, after an inner -
dielectric & conductor are formed.

After forming the outer conductor 108, in Figs.
3A-C, an access 120, 122 is opened to the void 118
at each end of the outer conductor 108 and the void
118 is widened along the length of the outer
conductor 108. First, the access holes 120, 122 are
etched in the ends of the outer conductor 108 to
expose the void 118. Then, the wvoid 118 is etched to
enlarge its diameter to 3000 A. In the preferred
embodiment, the outer conductor material, W, is
etched with HNO,/HF. Optionally, if the coaxial line
is to be connected to a lower level, the access hole

may be sub-etched below the bottom of the outer



Fi gures 12A-C show accesses opened through the outer dielectric layer to

the void of Figs 11A-C, Fi gures 13A-C show conductor material filling
t he voi d; . Figures 14A-C show the third preferred enbodi nent
nonof i | ament conduct or. DETAI LED DESCRI PTI ON OF A PREFERRED
"EMBODI MENT OF THE | NVENTI ON The present invention is a famly of

dielectric encased conductors for integrated circuit (1C chips and the

met hod of maki ng the conductors on IC chips. In one preferred enbodi nent
t-he conductor is a coaxial conductor. In a second preferred enbodi nent, the
conductor is a clad conductor. In a third preferred enbodi nent, the
conductor is a nonofilanment conductor. Figures 1A-C to 6A-C show t he
first preferred enbodi ment conductor, a coaxial conductor for

m croel ectroni c ci redriduttoaf,t ke PepiSTY @ isheRSadive ion etching
(RIE) to etch to a conductor {not shown) below.

Next, in Figs. 4A-C, a dielectric liner 124 is
formed lining the void 118. Preferably, an 1000A
silicon oxide layer 124 is formed on the inner
surface 126 using CVD. The liner 124 must completely
coat the inner surface 126 of the void 118 without
plugging it. The dielectric liner 124 is insulates
the preferred coaxial conductor’s inner conducting
core from the outer conductor 108. In the preferred
embodiment, as the dielectric liner 124 is formed, a
dielectric cap 128 forms, simultaneously, on the top

~surface of the outer conductor 108.

Optionally, after forming the dielectric liner
124, dielectric at the bottom of the access holes
120, 122 may be removed, exposing a lower level
conductor (not shown) using an anistropic etch.
Additionally, contacts may be opened through the
dielectric cap 128. So, the dielectric is patterned
using normal photo-lithographic processes and
anisotropically etched, e.g., RIE. Alternately, a
blanket RIE without patterning may be used to remove
the dielectric from both the bottom of the access
holes 120, 122 and surface of the wafer.

Next, in Figs., 5A-C, a core conductor 130 is
formed in and along the length of the innei
dielectric 124. Preferably, the core conductor 130
is deposited by CVD, first depositing a seed laver
of TiN followed by CVD of tungsten. Optionally, if
the conductor length exceeds the va fill
capability, intermediate access holes {(not shown),
identical to 120, 122 formed at each end in the
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wire mesh shield iemoyed rophbhe surface 132. The excess conductor

may be removed using an appropriate CMP or RIE
technique. Once the coaxial conductor is completed,
the outer and core conductors can be contacted by
standard semiconductor circuit connection methods.

In an alternate example of this first preferred
embodiment, a 7000A deep and 2500A wide trench is
formed in a surface SiO, layer located on a silicon
wafer. A 6000A outer conductor layer of polysilicon
may be formed on the wafer and over the 7000A.by
2500A trench using CVD. Excess conductor may be
removed from the field using CMP. As in the first
preferred embodiment, the polysilicon seams above a
void in the trench. Access holes are opened through
the polysilicon outer conductor at each end of the
trench. An isotropic etchant such as a mixture of
NH,0H, H,0, in deionized water may be used to etch
the polysilicon from within the void to enlarge the
void diameter to 500A. A 150A dielectric liner, of
SisN, is deposited in the void using CVD, The liner
nust completely coat the inner polysilicon surface
without plugging the void, leaving a void diameter
of 200A. Finally, an As doped polysilicon ¢ore
conductor is deposited to fill the wvoid. .

Further, this first preferred embodiment may be
used for multiple levels of wiring, by repeating the
steps depicted in Figs. 1lA-C to 6A-C on the surface
above the structure in Figs 6A-C.

In another alternate embodiment of this first
preferred embtodiment the method of forming the

%%8211¥h“?%tF1d§1 EhaS, é%%e%% Eoh M ggnductor 108

8 1's anal ogous to the



art coaxial cables. To formthe outer conductor 108, a Vvery thin seed |ayer
112 of TiN over Ti is deposited on the outer dielectric layer 100 and in
the trench 104. Preferably, the seed |layer thickness at the bottom 110 of
the trench 104 shoul d be, depending on the trench dinensions, 30-3000A TiN,
preferably 50A, on 30-3000A Ti, preferably 50A Then, the outer
conductor 108 is forned on the seed laygr. Preferably, the outer conductor
108 is ‘a 3000A tungsten | ayer deposited by chem cal vapor
- 6- deposition (CVD). Preferably, the deposited conductor material
t hi ckness, essentially, is uniformon the field and in the trench 104, on
Its sides 106 and bottom 110. Deposition of the outer conductor 108
continues until the material build up

: coaxial conductor is extended to three or more

coaxial conducting layers, e.g., three conductors
forming a triaxial conductor. In this alternate
embodiment, a deeper & wider trench may be combined
with thinner dielectric and conductor layers such
that the second conductor (the core conductor in the
first preferred embodiment) lines, but does not
completely fill the void 118. '

' Then, for this alternate embodiment, a third
dielectric layer (not shown) is deposited on’ the
second conductor, leaving the.void 118 open.for the
third conductor. Additional dielectric and
conducting layers may be identically formed as
desired until the void 118 has been filled with a
core conductor or dielectric. As with the first
preferred embodiment, once the core coaxial
conductor is completed, the coaxial conductors can
be contacted by standard semiconductor circuit
connection methods.

Figures 7A-C to 10A-C show the second preferred
embodiment conductor, a clad conductor for
microelectronic circuits, after preferred steps of
making the conduc?or. Figures 7A-10A are a prlan
view, Figs. 7B-10B are reséective cross—sectional
views through B-B and Figs. 7C-10C are respective
cross—sectional views through C-C. '

The first step in the second preferred
embodiment is to form a trench 104 in a surface
dielectric layer 100 in Figs. 1A-C.

After defining the trench 104, in Figs. 7A-C, a
cladding layer 200 is deposited by CVD. The cladding
layer may be conductive, wherein tantalum is

" deposited or, dielectric wherein silicon nitride is



along the trench's sidewalls 106, is thick enough to seam together, nerging
together to formseam 116, while |leaving a void 118 beneath and runni ng
along the length of the seam Thus, the deposited conductor naterial nust
be sufficiently thick that the seamforns at the top of the trench, while a
void or "low density"” material remains enbedded in the outer conductor
material, along the whole I ength of the seam Excess netal is renoved from
the fietd, (the wafer's surface around tfle trench 104) preferably by

chem nmech polishing (CW) the wafer. Optionally, a capping dielectric
| ayer may be forned on the outer conductor 108 at this point. However,
preferably, the capping dielectric layer is forned |later in the process,
after an inner dielectric & conductor are forned. After form ng the

outer conductor 108 ddposEitgs. BA:&narelaccess &2@nct2Peiclasigdmad to t he
void 118 at each en : dygt o hgeoi ¢y118 is w dened
Aor3at et ohs Rl ot o THiERer et b

along the length of e ou | s he_access hol es 120,
122 are etched in t emmegadothereobutiClHSHAGCtGE SBE PR o id<eERe voi d

118. Then, the void gih8 digedt Ch8Hbi@ £Hnar Beridss.di ameter to 3000 A In the
preferred enbodi nent, the Outﬁé conduct or

HNO err]/HF. Optional Iy, 5°f “ihg EBGxHeH Ff&% ﬁ?égq%l)lgév jé%z%]iggfzsgggﬂfg’ ;hl ower
| evel , the access halie rApddéngubagéx heiclbetbirkiessband othisgfknelse out er
the sides & bottom of the trench, preferably, are
identical. As with the outer conductor 108, cladding
layer 200 deposition continues until the material
build up along the trench’s sidewalls 202, is thick
.enough to seam together, merging together to form
seam 204, while leaving a void 206 beneath and
running along the length of the seaﬁ 204. Thus, the
deposited conductor material must be sufficiently
thick that the seam 204 forms at the top of the
trench 104, while a void 206 or "low density"
material remains embedded in the cladding material,
along the whole length of the seam 204. As with the
first preferred embodiment, optionally, a capping
dielectric layer may be formed at this point, or
after the core conductor is formed.
Next in Figs. 8A-C, as in Figs. 3A-C, an access

210, 212 is opened to the void 206 at each end of
the cladding layer 200 and the void 206 is enlarged
along the length of the cladding layer 200. Access
holes 210, 212 are etched in the ends of the
cladding layer 200 to expose the void 206. Affer
opening the access holes 210, 212 the void 200 is
etched to enlarge it to 3000 A. In the preferred
embodiment, the cladding layer 200 is etched with
HNO,/HF for Ta or hot H;PO, for silicon nitride
cladding. Optionally, if the coaxial line is to be

connected to a lower level, the access hole may be



-7- conductor, preferably using reactive ion etching (RIE) to etch to a
conductor (not shown) bel ow. Next, in Figs. 4A-C, a dielectric liner
124 is formed lining the void 118. Preferably, an 1000A silicon oxide |ayer
124 is formed on the inner surface 126 using. CVD. The |iner 124 nust

conpl etely coat the inner surface 126 of the void 118 wi thout plugging it.
The dielectric liner 124 is insulates the preferred coaxial conductor's

i nner conducting core fromthe outer conductor 108. In the preferred

enbodi nent, as the dielectric liner 124 is fornmed, a dielectric cap 128
forms, sinultaneously, on the top surface of the outer conductor 108.
Optionally, after formng the dielectric liner 124, dielectric at the
bottom of the access holes 120, 122 rmay be renpved, osi ng. a_l oner | evel

conductor (not showfyP-afsihed kalawi e téo%tQﬁlthRdaPF brifAR4PCtesnt act s may
be opened through tiee fHRIMGt GisEng afealdl ve SOon tdiehdhel €RIR) cta s patter ned

connect to-a conductor (not shown) below it.

Next, in Figs. 9A-C, the core conductor 214 is
deposited along the length of the void 206.
Preferably, the core conductor 214 material is Cu
deposited by plating or CVD. Alternately, the core
material may be Al, Co, W, Si, doped Si. or Mo.,
Optionally, as with the first preferred embodiment,
if the conductor length exceeds the CVD fill
capability, intermediate access holes (not shown),
identical to those formed 210, 212 at each end in
the present example, may be included, as required;
along the iength of the trench 104.

Finally, in Figs. 10A-C, excess conductor is
removed from the surface 216. The excess conductor
may be removed using an appropriate CMP or RIE
technique. Once the clad conductor is completed, fhe
conductor may be contacted by standard semiconductor
circuit connection methods.

Figures 11A-C to 14A-C show the third preferred
embodiment conductor, a monofilament conductor for
microelectronic circuits, after preferred steps of
making the conductor. Figures 11A-14A are a plan
view, Figs. 11B-14B are respective cross-sectional
views through B-B and Figs. 11C-14C are respective
cross—sectional views throudh c-C. .

The first step in the third preferred
embodiment is to form a trench 104 in a surface
dielectric layer 100 in Figs. 1A-C.

After defining the trench 104, in Figs. 11A~C,
a second outer dielectric 300, preferably of silicon

oxide is formed on the wafer, preférably by CVD. As



usi ng normal photo-1ithographic processes and anisotropically etched, e.g.,

RIE. Alternately,

surface of the wafer.

identical to 120,

a bl anket RIE without patterning may be used to renove
the dielectric fromboth the bottom of the access holes 120, 122 and
Next, in Figs. 5A-C, a core conductor 130 is
formed in and along the length of the inner dielectric 124. Preferably,
core caonductor 130 is deposited by CVD,
Ti N fol l owed by CVD of tungsten. Optiond4y, if the conductor |ength
exceeds the CVD fill capability, internediate access hol es (not shown),
122 fornmed at each end in the pr esent

first depositing a seed |ayer of

t he

exanpl e, may be included, as required, along the length of the trench 104.

Finally, in Figs.

6A-C, excess conductor is ,
with the outer conductor 108 in Figs. 2A-C, the

second outer dielectric 300 thickness in the field
and on the sides and bottom of the trench,
preferably, are identical. As with the outer
conductor 108, second outer dielectric 300
deposition continues until the material build up
along the trench’s sidewalls 302, is thick enough to
seam together, merging together to form seam 304,
while leaving a void 306 beneath and running along
the length of the seam 304. Thus, the deposited
second dielectric material must be sufficiently
thick that the seam 304 forms at the top of the
trench 104, while a void 306 or "low density"
material remains embedded in the second dielectric
material, along the whole length of the seam 304.

Optionally, excess dielectric may be removed
from the field of the wafer (outside the trench) by
CMP or RIE. As with the first preferred embodiment,
optionally, a éapping dielectric layer may be formed
at this point, or after the monofilament conductor
is formed.

Next in Figs. 12A-C, as in Figs. 3A-C, an
access 308, 310 is opened to the void 306 at each
end.of the second outer dielectric 300 and the void
306 is enlarged along the length of the second outer
dielectric 300. Access holes 308, 310 are étched in
the ends of the second outer dielectric 300 to
expose the wvoid 306. After opening the access holes
308, 310 the void 306 is etched with HF to enlarge
it. Optionally, if the monofilament line is to be
connected to a lower level, the access hole may be
sub-etched below the bottom of the trench,

preferably using reactive ion etching (RIE) to open



renoved fromthe surface 132. The excess conductor may bé renoved using an
appropriate CVMP or RIE technique. Once the coaxial conductor is conpleted,
the outer and core conductors can be contacted by standard sem conduct or
circuit connection nethods. In an alternate exanple of this first
preferred enbodi nent, a 7000A deep and 2500A wide trench is fornmed in a
surface Si2 | ayer located on a silicon wafer. A 6000A outer conduct or

| ayer of polysilicon may be forned on th&-wafer and over the 7000A by 2500A
trench using CVD. Excess conductor may be renoved fromthe field using CVP.
As in the first preferred enbodi ment, the polysilicon seans above a void in
the trench. Access holes are opened through the polysilicon outer conductor
at each end of the trench. An isotropic etchant such as a m xture of

NH err] OH, H err] J esrdortrzcteitontzetevtiei foyobd aeed to tainduitor

polysilicon fromw thin t [ enl arge the void dianeter to 500A. A
150A dielectric line ,6kféﬁ§w§&4gﬁggﬁe353|ted in the void using CVD. The

liner nust conpletely codiextheihrnhégs pdi3psth it monofademeirt hout pl uggi ng
the void, leaving a a&&&aiﬂoamﬁrlgff@&% afbx@@'drﬁé 1aﬁgeﬁ songtt pekysi licon

core conductor is de §05|ted to fill the Furt her, thIS first
preferred enbodi ment>%y B5& 8§@81Y0rtl?ﬁn“1°?’8ﬁél?r?ﬁ?§l §°B‘fiu9\m’1° m-2 by
repeating the steps mepirdia@disncki gs.wW Jﬁ%rﬁeﬁ(bﬁ/&eﬁoemtih@ swdare above the

e o mec i o5 Aol AIFIERT, TpFALeS WBRCHE] hie Tirt
layer, preferably by CVD Optlonally, as with the
first preférred embodiment, if the monofilament
conductor length exceeds the CVD fill capability,
intermediate access holes (not shown}, identical to
those formed 308, 310 at each end in the present
example, may be included, as required, along the
length of the trench 104.

Finally, in Figs. 14A~C, excess conductor is
removed from the surface 312. The excess conductor
may be removed using an appropriate CMP or RIE
technique. Once the monofilament conductor is
completed, the conductor may be contacted by
standard semiconductor circuit connection methods.

While the invention has been described in terms
of preferred embodiments, those skilled in the art
will recognize that the invention can be practiced
with modification within the spirit and scope of the

appended claims.



- 9- coaxi al conductor is extended to three or nore coaxial conducting
| ayers, e.g., three conductors formng a triaxial conductor. In this

al ternate enbodi nent, a deeper & wider trench may be conbined with thinner
di el ectric and conductor |ayers such that the second conductor (the core
conductor in the first preferred enbodi nent) |ines, but does not conpletely
fill] the void 118. Then, for this alternate enbodinent, a third
dielectric layer (not shown) is depositéﬁ‘on t he second conductor, |eaving
the void 118 open for the third conductor. Additional dielectric and
conducting layers may be identically formed as desired unti '

has been filled with a core conductor or dielectric. Asbﬂ%l[ﬂl _
preferrgd enbodi ment, once the core coaX|%£A&ggductor i jul: -HHTHH”
coaxi al “ conductors can £ oLk s
We Claim:
1. A method of making a conductor on an integrated
circuit (IC)} comprising the steps of:
a) forming a trench in an insulating material;
b} forming én outer layer of a first material
on said insulating material and in said trench, said
outer layer seaming together over a void in said
trench; '
c) opening access holes through said outer
layer to said void; and
d) filling said void with conducting material.

.2. The method of claim 1 wherein said trench is
iformed by etching partially through said insulating
material and said trench’s depth exceeds its width.

3. The method of claim 1 wherein said insulating
material is an 8i0, layer and said trench is formed
by reactive ion etching said 8i0, layer.

4, The method of claim 1 wherein said trench is
wider at it bottom than at its top.

5. The method of claim 1 wherein said trench is
bowed out at its middle.

6. The method of claim 2 wherein said insulating
naterial is an Si0, layer and said trench is formed
by reactive ion etching said Si0, layer.



he contacted by standard sem conductor circuit connection nethods.

Figures 7A-C to 10A-C show the second preferred enbodi nent conductor, a

cl ad conductor for mcroelectronic circuits, after preferred steps of
maki ng the conductor. Figures 7A-10A are a plan view, Figs. 7B-10B are
respective cross-sectional views through B-B and Figs. 7C 10C are
respective cross-sectional views through C C The first step 1n The
second preferred enbodiment is to form3>Trench 104L”ﬂﬂﬁmﬁ__;- ALdipe! ectric
| ayer 100 in Figs. 1A-C After defining the tr BN m,ﬂﬂﬂmm 7A-C,
a ckadding | ayer 200 is deposited by CVD. The claddihg § ayer "na§ be
conductive, wherein tantalumis deposited or, dielectric wherein silicon

nltrrdg 'S 1. The method of claimf%ﬁhherein the step (c) of
opening the access holes further comprises etching

the void to widen it.

8. The method of claim 1 wherein the step {d} of
filling the wvoid with conducting material comprises
the steps of:

i) depositing a seed layer;

ii) depositing a conductor layer on said seed
layer: and,

iii) removing excess said deposited conductor
layer material and seed layer material from said

insulating material.

S. The method of claim 8 wherein the seed layer is
a 50A TiN layer on a 50A Ti layer and the conductor

layer material is W.

10. The method of claim 9 wherein said conductor is
a monofilament conductor and said first material is

a dielectriq material.

11. The method of claim 10 wherein the dielectric
material is SiO, deposited using CVD and the void is
etched with HF to open it to 3000A.

12. The method of claim 1 wherein said conductor is
a coaxial conductor, said first material is a
conducting material and further comprising, before
the step (d} of filling the void, the step of:

cl} lining said void with an inner dielectric.



deposited. Alternately, the conductive cladding material" may be A, M), a
refractory nmetal or a conpound thereof, including, for exanple, nitrides,
silicides, carbides and bori des. As with the outer conductor 108 in
Figs. 2A-C, the cladding layer field thickness and t hi ckness on the sides &

bottom of the trench, preferably, are identical. MLLD_LDQJ%#jimﬁ€++&
conduct or 108, claddlng | ayer 200 deposition continues until

build up along the trench's sidewalls 269 is thick e

together, nerging together to formseam 204, while Ie u @”zﬁﬂw
beneath and running along the I ength of the seam 204. Th ‘{he ted
conductor material nust be suff|C|entIy thick that the sean1204 forns at

the top of the treng ihe a 0 | ow densi te

remai ns enbedded in ?h %f hOdn8¥e??%1 q&lgﬂﬁr%ﬁ%qﬁhofeg?eﬂg%ﬁb f the
seam 204. As with tﬁ@mm%tthp?r @ﬂzéueredomadmemyezomqmmasw the cappi ng
dielectric | ayer naytgsgf@gned at this point, or after the core conductor
is formed. Next in Fl 8A-C, as in Figs. 3A-C, an access 210, 212 is
opened to the void 206 at’ é&@ﬁséﬁ&ngfa?rﬂ?quaaﬂWﬂﬁﬂVHyéPeéobaﬁﬁﬂ'the voi d
206 is enlarged al ong thiel)l ergiolieinghen cluaddi sshduayter 280er A essidol es

210, 212 are etched h Iaddln | ayer 200 to expose the
void 206. After ope%?ﬁ%ﬁt Qﬁ%ﬁ?&ggs % ?égyffb %32 the void 200 is etched to

enlarge it to 3000 A I ntiie rm@ﬁenae&%odan@rﬁepqsnéedl edténg |ayer 200
is etched with " conductor layer material and outer conductor seed

layer material from said insulating material.

14. The method of claim 13 wherein the outer
conductor seed layer is a S50A TiN layer on a SO0A Ti
layer, the outer conductor layer material is W and
the void is etched with HNQO,/HF to widen it to
3000A.

15. The method of claim 1 wherein said conductor is
a clad conductoxr, said first material is a ¢ladding
material of Ta and the Ta cladding layer is etched
with HNO,/HF to widen it to 3000A.

16. The method of claim 1 wherein said first
material is silicon nitride deposited using CVD and

the void is etched with H,PO, to widen it to 3000A.

17. A method of making a coaxial conductor on an
integrated circuit (IC) comprising the steps of:

a) etching a trench in an insulating layer;

b) depositing an outer conductor layer on said
insulating layer and in said trench, said outer
conductor layer seaming together in said trench over

a void; -



HNOJ err]/HF for Ta or hot Herr]PJerr] for silicon nitride cl addi ng.
Optionally, if the coaxial line is to be connected to a |ower |evel, the
access hole nmay be sub- et ched bel ow the bottom of the outer
conductor, preferably using reactive ion etching (RIE) to connect to a

conductor (not shown) belowit. Next, in Figs. QA:LMBF‘
conductor 214 is deposited along the Iength of the v f?_ 206. Preferably,

the core conductor 214 material is Cu deppsited by pf iy Mﬂmﬁﬂm“”

__
Alternately, the core material my be A, Co, W Si, L
Optionally, as with the first preferred enbodi ment, if the “cofdutt or | engt h
exceeds the CVD fill capability, internediate access holes (not shown),
denti cal Lo Lhose [ormed 210en i oSl SIS BoARS P36 R0:EHR P! €0 Moy

from said insulating laver;

Sty

N

d) opening access holes through said outer
conductor layer to said void;

e) etching said outer conductor material in
saild void to widen said void;

£} lining said void with an inner dielectric:

g} depositing a core conductor, said core
conductor filling said void; and

h) removing excess core conductor material from

said insulating layer.

18. The method of claim 17 wherein said insulating
layer is an Si0, layer and the step (b} of
depositing the outer conductor comprises the steps
of:

i} depositing an outer conductor seed layer:

ii) depositing an outer conductor layer on said
outer conductor seed laver; and,

iii) removing excess said deposited outer
conductor laver material and outer conductor seed

layer material from said 8i0,.

19. The method of claim 18 wherein the inner
dielectric is $i0, and the step {(h) of depositing
the core conductor comprises the steps of:

i) depositing a seed layer:;

ii) depositing conductor material on said seed
layer; and,

iii} removing excess said deposited conductor

material and seed layer material from said S$i0,.



along the length of the trench 104. Finally, in Figs. 10A-C, excess
conductor is renoved fromthe surface 216. The excess conductor may be
renmoved using an appropriate CVP or RIE technique. Once the clad conductor
is conpleted, the conductor may be contacted by standard sem conductor
circuit connection nethods. Figures 11A-C to 14A-C show the third
preferred enbodi nent conductor, a nDnoflganent conductor for
microel ectronic circuits, after preferre i mﬁl“ﬂﬁl“ﬁ'%m or.
Figures 11A-14A are a plan view, Figs. 11B-14B arelliigk
cross-sectional views through B-B and Figs. 11C 14C*ar® r'es ec i ve
cross-sectional views through CC The first step I n thelthlrd
referred enbodi nent,i s f I ' C el ectric |ayer
200 in Figs. 1A-C 20~ &‘He Igétz}:lecﬁ tﬁlfﬁgigh& rgﬁg lgh% %Ogl gs. 11A-C a
second outer di el ectCPPéuS%r et é-raéfﬁlfya%ﬁ tdyel p@tmr odndaciterf seaed on t he

waf er, preferably byaQ¥P.aA$ each a 50A TiN layer on a 50A Ti 1a§@r,
the core conductor and outer conductor material is W
and the void is etched with HNO,/HF to widen it to
3000A.

21. The method of claim 17 wherein the coaxial
conductor is a triaxial conductor and further
comprising, before the step (g) of depositing the
éore conductor, the steps of:

f1) lining said void with an -inner conductor
layer; )

£2) opening access holes through said inner

; conductor layer;

£3) lining said void with a second inner
dielectric:; and

f4) opening access holes through said second
inner dielectric layer.

22. A method of making a clad conductor on an
integrated circuit (IC) comprising the steps of:

a) etching a trench in an insulating layer;

b} depositing a cladding layer on said
insulating laver and in said trench, said cladding
layer seaming.together in said trench over a void:

¢} removing excess cladding material from said
insulating layer;

d) etching access holes through said cladding
layer to said void:

e} etching the suriace of said cladding layer

in said void to widen szid void:



v_vith.the outer conductor 108 in Figs. 2A-C, the second outer dielectric 300
thickness in the field and on the sides and bottom of the trench,
preferably, are identical. As with the outer conductor 108, second outer

dielectric 300 deposition continues until the material buifl ggidps :
trench's st TS5 thick enough to seam toget her, 'rrergig& t FREN |
to form seam 204 i b Evi ng a void 306 beneath and running (M e

| engt h of ¢ ig WMS t he deposid-ed second dielectric material nust
be sufficie | at the seam 304 forns at the top of the trench 104,
while a void 306 or "low density" material remains enbedded in the second
dielectric material, along the whole I ength of the seam 304.

Optional ly, excess dielectrjc may.be remye om_t i he waf er
(outsi de the trench) bye%vﬁegf’shiéﬁ‘g% svﬁc?hg?%er’f F%gtg %%% glra&fee enbodi nent ,
optionally, a cappibhpidielsedtr voiflayer may be formed at this point, or

after the nmonofil ament g;gn%%BQEtiégféHﬂ%ﬁgtor nat¥eXh1i on s sk2A-C, as in
Figs. 3A-C, an access 308, 310 is opened to the void 306 at each end of the
second outer diel ect?3Y¥¥*36@®%nd the void 306 is enlarged al ong the |ength

of the second outer dieltgCirkinov3g. e:A801S sahod| depo30Bed Mdhdurcoet ched in the

ends of the second n?a%éa{iaql %ln%Ctsgtleg J.Bapyoe:ct Baterial from said S$iC,.

23. The method of claim 22 wherein said cladding
layer is a layer of Ta and the Ta cladding layer is
etched with HNO,/HF to widen the void to 3000A.

24. The method of claim 23 wherein said cladding
layer is a layer of silicon nitride deposited using
CVD and the silicon nitride cladding layer is etched
with H,PO, to widen the void to 3000A.

/
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expose the void 306. After opening the access holes 308, 310 the void 306
15 etched with HF to enlarge it. Optionally, if the nonofilapent line is to

be connected to a |ower level, the access hole nmay be sub-etChg
bottom of the trench, preferably using reactive ion etching RI ‘ BEEN |

- 13- a contact to connect the nonofitdtament to a conduct or™{mret=sh
below it. Next, in Figs. 13A-C, the nonofilanment conductor 312 is
formed along the length of the void 306. Preferably, the nonofil anent

conduct or 31ZORDECFORSFOR Mrcﬂﬁmmwﬂnbméﬁtm&tmwmmﬁmemow TiN
and then depositing Won the seed Ma)&{m mably by CVD. Optionally, as

with the first preferred enbodi nen of i  ament conductor | ength
exceeds the CVD fill capability,

= ABSTRACT

An integrated circuit (IC) conductor and the process of making the conductor. The
conductor may be a monofilament conductor, a clad conductor or a coaxial conductor. A
trench (104) is formed in a dielectric layer (100). An outer material layer (108) is deposited
on the dielectric layer (100) and in the trench (104), thick enough that the outer material layer -
(108) merges together in a seam over the trench (104) forming a void (118) under the seam
(116). The outer material layer (108) is dielectric for the monofilament conductor, a cladding
material for the clad conductor and conducting material for the coaxial conductor. The void
(206) is filled with a conductor for a monofilament or clad conductors. An inner dielectric
liner layer is formed on the walls of the void (206) and a core conductor (214) is formed on

 the liner layer for the coaxial conductor. |
Fig 2B ' -

Replaced
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i nternedi ate access holes (not shown), identical to those fornmed 308, 310
at each end in the present exanple, may be included, as required, along the
| ength of the trench 104. Finally, in Figs. 14A-C, excess conductor is
renoved fromthe surface 312. The excess conductor may be renoved using an
appropriate CVP or RIE technique. Once the nonofilament conductor is

conpl eted, the conductor nay be contacted,by standard sem conductor circuit
connecti on net hods. Wiile the inventfion has been described in terns of
preferred enbodi nents, those skilled in the art will recognize that the
invention can be practiced with nodification within the spirit and scope of

t he appended cl ai ns. - 14-
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W Caim 1. A nethod of making a conductor on an integrated circuit (1Q
conprising the steps of: a) formng a trench in an insulating

mat eri al ; b) formng an outer layer of a first material on said
insulating material and in said trench, said outer |ayer sean ng together
over a void in said trench; c) opening access holes through said outer
| ayer to said void; and d fillindg/daid void with conducting materi al
2. The nmethod of claim 1l wherein said trench is formed by etching
partially through said insulating material and said trench's depth exceeds
its wdth. 3. The nethod of claim11 wherein said insulating material is
an Si2 layer and said trench is fornmed by reactive ion etching said SiQ2
| ayer. 4. The nethod of claim1l Qpin said trench is wider at it
bottomthan at its top. 5.5 The n%bﬂod'of'cpainll erein said trench is

bowed out at its mddle. / t
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6. The nmethod of claim2 wherein said insulating materi al

is an Si Q2 | ayer
and said trench is formed by reactive ion etching said SiJerr] |ayer.

- 15- 7. The nethod of claim1 wherein the step (c) of opening the
access holes further conprises etching the void to widen it. 8. The

met hod of claim1 wherein the step (d) of filling the void with conducting
mat eri al conprises the steps of: i} 7depositing a seed | ayer; 1)
depositing a conductor |ayer on said seed |ayer; and, iii) renoving
excess said deposited conductor |ayer material and seed |ayer material from

said insulating material.
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9. The nmethod of claim8 wherein the seed layer is a 50A TiN layer on a
50A Ti layer and the conductor |ayer material is W 10. The net hod of
claim9 wherein said conductor is a nonofilanment conductor and said first
material is a dielectric material. 11. The nethod of claim 10 wherein the
dielectric material is Si Q2 deposited using CVD and the void is etched with
HF to open it to 3000A. 12. The nethad7of claim 1 wherein said conductor
is a coaxial conductor, said first material is a conducting material and
further conprising, before the step (d) of filling the void, the step of:
cl) lining said void with an inner dielectric.
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- 16- 13. The method of claim 12 wherein the step (b) of formng the
outer conducting |ayer conprises the steps of: - I ) depositing an outer
conductor seed | ayer; ii) depositing an outer conductor |ayer on said
outer conductor seed | ayer; and, ii1i) renoving excess said deposited
outer conductor layer material and outer conductor seed |ayer material from
said insulating material . 14. The netgygd of claim 13 wherein the outer
conductor seed layer is a 50A Ti N |ayer on a 50A Ti |ayer, the outer
conductor layer material is Wand the void is etched with HNerr]/HF to

wi den it to 3000A. 15. The method of claim 1 wherein said conductor is a
clad conductor, said first material is a cladding material of Ta and the Ta
cladding layer is etched with HNJQerr]/HF to widen it to 3000A. 16. The

met hod of claim 1l wherein saBd first —( B
I —
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material is silicon nitride deposited using CVD and the void is etched with
Herr]PJerr] to wwden it to 3000A 17. A nmethod of maki ng a coaxi al
conductor on an integrated circuit (1C) conprising the steps of: a)
etching a trench in an insulating | ayer; b) depositing an outer
conductor |ayer on said insulating layer and in said trench, said outer
conductor layer seam ng together in saggytrench over a void,

c) renoving excess outer conductor material fromsaid insulating |ayer

d) opening access hol es through said outer conductor |layer to said void,

e) etching said outer conductor material in
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said void to wi den said void, f) lining said void with an inner
di el ectric; 'g) depositing a core conductor, said core conductor
filling said void; and h) renmovi ng excess core conductor material from
said insulating layer. ,18. The method of claim 17 wherein said insulating
[ayer is an SiJerr] layer and the step (b) of depositing the outer
conductor conprises the steps of: i7Y7deposi ting an outer conductor
seed | ayer; ii) depositing an outer conductor |ayer on said outer
conductor seed |l ayer; and, iii) renoving excess said deposited outer
conductor |ayer materi al and outer conductor seed | ayer material fromsaid
SiJerr]. 19. The method of claim18 wherein the if(ger dielectric is Si Q2
and the step (h) of depositing the core conductor co i ses the steps of;
i) depositing a seed |ayer; ii) depogitrn é conqzp or material on said
seed | ayer; and, i) r ving excesd said. depdsiked conductor
mat eri al and seed | ayer nater "fﬁauLsaLd_EliIJugT—
T N310
308
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20. JThe ne
Quter cond
core condu
with HNJO e

thod of claim 19 wherein the core conductor seed } , —
uctor seed |layer are each a 50A Ti N layer on a 50 %P[&WYHSHEET

ctor and outer conductor material is Wand the voj df 1 s etched

rr]/HF to widen it to 3000A. 21. The nethod of [clpi M7LEERNRAMI 1

t he coaxial conductor is a triaxial conductor and further npri si ng,

before the
fl) lining
hol es thro
second i nn
second

step (g) of depositing the cee conduct or, the it eps of :

said void with an inner conductor |ayer; ODeni nq access

d duct Ld.wth
Jped 5 Bt ondiRerstc nppdh lons the obdnstorh, E}fhg SRR b
characteristic impedance introduces noise from reflections and aftenuations into signals on
the core conductor.

Thus there is a need for coaxial conductors in Ics that have uniform spacing

between the core conductor and the outer shield conductor.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is provided a method of making
a conductor on an integrated circuit (IC) comprising the steps of forming a trench in an
insulating material, forming an outer layer of a first material on the insulating material and
in the trench, the outer layer seaming together over a void in the trench, opening access
holes through the outer layer to the void and filling the void with conducting material.

According to a second aspect of the invention, there is provided a method of
making a coaxial conductor on an integrated circuit (IC) comprising the steps of etching a
trench in an insulating layer, depositing an outer conductor layer on the insulating layer and
in the trench, the outer conductor layer seaming together in the trench over a void,
removing excess outer conductor material from the insulating layer, opening access holes
through the outer conductor layer to the void, etching the outer conductor material in the
void to widen the void, lining the void with an inner dielectric, depositing a core conductor,
the core conductor filling the void and removing excess core conductor material from the
insulating layer.

According to a third aspect of the invention, there is provided a method of making
a clad conductor on an integrated circuit (IC) comprising the steps of etching a trench in an
insulating layer, depositing a cladding layer on the insulating layer and in the trench, the
cladding layer seaming together in the trench over a void, removing excess cladding
material from the insulating layer, etching access holes through the cladding layer to the
void, etching the surface of the cladding layer in the void to widen the void, depositing a
seed layer, the seed layer lining the void, depositing conductor material on the seed layer

~ and removing excess the deposited conductor material and seed layer material from the

Si0;.
According to a fourth aspect of the invention, there is provided a method of
making a conductor on an integrated circuit (IC) comprising the steps of forming a french

in an insulating material, forming an outer layer of a first material on a bottom portion and



i nner dielectric layer. 22. A nmethod of nmeking a clad ¢oRERI&

int egrated circuit (1C) conprising the steps ofg a) CEMENT SHEET
n an insul ating |ayer; b) depositing a cladding | ay

insulating layer and in said trench, said cladding |ayer

in said trench over a void; c) renoving excess cl adqi bm
said insulating |ayer; d) etching adeess hol es throdgh said claddlng

| ayer to said void; e) etching the surface of said q*@ﬁd#ﬁg IQYUI T
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gz:)g;: ?le dogoﬁ@hﬁ of 8Rsii&WAlls, offthe trench, seamird) togétﬁaﬁ)thertgltﬁXlawaosmecd on the

upper portions of the sidewalls thereby fonmng a v01d e void running ong alen
substantially underneath the seam and within the trench, the void being encapsulated within
'the\ outer layer, opening access holes through the outer layer to the void and filling the void
with conducting material.
According to a fifth aspect of the invention, there is provided a method of making
_a coaxial conductor on an integrated circuit (IC) comprising the steps of etching a trench in
an insulating layer, depositing an outer conductor layer on a bottom portion and sidewalls
of the trench, further forming the outer conductor layer outward from the sidewalls on
" upper portions of the sidewalls of the trench, seaming together the outer conductor layer
formed on the upper portions of the sidewalls thereby forming a void, the void running
along a length and substantially underneath the seam and within the trench, the void being
" encapsulated within the outer conductor layer, removing excess outer conductor material
from the insulating layer, opening access holes through the outer conductor layer to the
void, etching the outer conductor material in the void to widen the void, lining the void
with an inner dielectric, depositing a core conductor, the core conductor filling the void and
removing excess core conductor material from the insulating layer.
According to a sixth aspect of the invention, there is provided a method of making
a clad conductor on an integrated circuit (IC) comprising the steps of etching a trench in an
. insulating layer, depositing a cladding layer on the insulating layer and on a bottom portion
and sidewalls of the trench, forming the cladding layer outward from the sidewalls on upper
portions of the sidewalls of the trench, seaming together the cladding layer formed on the
upper portions of the sidewalls thereby forming a void, the void running along a length and
substantially underneath the seam and within the trench, the void being encapsulated within
the cladding layer, removing excess cladding material from the insulating layer, etching
access holes through the cladding layer to the void, etching the surface of the cladding layer
in the void to widen the void, depositing a seed layer, the seed layer lining the void,
depositing conductor material on the seed layer and removing excess the deposited

conductor material and seed layer material from the SiOs.
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23. The met hod of claim 22 wherein said cladding |ayer is.a.layer.of Ta
and the Ta cl addi ng |layer is etched with HNOerr]/HF to w

3000A. 24. The met hod of claim 23 wherein said claddi %a%rgﬁfﬁgq*agw
| ayer of silicon nitride deposited using CVD and the silic {)5
cladding layer is etched with Herr]PJerr] to widen the v |c 30@0,02@@
25. A nmet hod of maki ng a conductor on3an integrated cir¢uitte{lC) -
conprising the steps of: a) formng atrenchin a insulatlng
mat eri al ; b) formng an outer layer of a first ma }
bottom portion and sidewalls of said trench; c) further formng

sai d outer |ayer outmrdmmppgsmpg‘mgl(bpmmgsti ons of said
sidewal I s of said trench seam n oget her sal d outer_ | ayer
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i nsul ati ng gwaletéral and said trench's depth exceeds its width. The
met hod of claim 25, wherein said insulating materjal is, an Slqerr] Iae
¢ o

and said trench iH4EuTeF 24 ﬂapw@a@meveond&ﬁmé@%aﬁgldsfarrepdsrhqe&m]th HoRoh
" Figs 1A-C;

Figures 3A-C show accesses opened through the outer conductor of Figs. 2A-C;

Figures 4A-C show a dielecric liner formed on the outer conductor in the void;
Figures SA-C show the core conductor filling the void in the dielectric liner;
Figures 6A-C show the first preferred embodiment coaxial conductor;



28.  ‘The method of claim25, wherein said trench is w der
Ihan at its top.

The method of claim25, wherein said trench is bowed out at
30. The nethod of claim26, wherein said insulating mate
Sigerr] layer and said trench is fornmed by reactive ion etghi '
SiJerr] layer. 31. The nethod of ~cd%aim 25, wherein thé step (e) of

openi ng the access holes further conprises etching the voi d~to-wrden—tte

xg: g Wi th congﬁmng rgegerl a}\ﬁ{é%trrprl seg%mst epwemfmﬂ?bléh‘ng the

depositing a seed |ayer; g a conductor |ayer on said
seed | ayer; and, i) renDV|ng excess sai d deposited conductor
layer material and seed |ayer material fromsaid insulating material.

Yl T ABSTRACT Y J

An integrated circuit (IC) conductor and the process of making the conductor. The
conductor may be a monofilament conductor, a clad conductor or a coaxial conductor. A
trench (104) is formed in a dielectric layer (100). An outer material layer (108) is deposited
on the dielectric layer (100) and in the trench (104), thick enough that the outer material layer
(108) merges together in a seam over the trench (104) forming a void (118) under the seam

' (116). The outer material layer (108) is dielectric for the monofilament conductor, a cladding
material for the clad conductor and conducting material for the coaxial conductor. The void
(206) is filled with a conductor for a monofilament or clad conductors. An inver dielectric
Iiner layer is formed on the walls of the void (206) and a core conductor (214) is formed on
the liner layer for the coaxial conductor.

Fig 2B



33. . The nethod of claim 32, wherein the seed |ayer is a p8-— :
on a 50 A Ti layer and the conduct or | ayer material is W | %PLM‘.EW SHEET
met hod ,\ n said conductor is a nonofil anme eoftttet-or—ant

gil d\/\;qza:]mﬂmﬂ dielectric material. 35. The ?g\/gtﬁmﬁhe

EII ic material is SiJerr] deposited ugi]
void is etclhed.wx *{ 0 open the void 1% 3000 A 36. ; Tc fretrod—of

claim 25, wherein said conductor is a coaxial conductor, sajd first

material is a conducting.mmateri and ri.gin - —
(f) of filling tfe vFRPSItNgS sep ygfsméseeﬁl?ayerﬁvﬁg a"’ﬂ%‘said void with an
inner dielectricg) 3 os1ﬁng-EBﬁddEﬁirfih%r&floﬁkﬁﬂ@%eﬁ%ye‘ﬂ%ﬂ,e' n the st ep (b) of

form ng the outer_ conducting Iayer corrprlses t he steps of:
depositing an ouhbr saneiieg excesewid feppsited conductor miatepal %thﬁwgw&t er

conductor | éald outer conductor seed | ayer; and,
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23. The method of claim 22 wherein said cladding layer is a layer of Ta and the Ta
cladding layer is etched with EINO,/HF to widen the void to 30004,

24, The method of claim 23 wherein said cladding layer is a layer of silicon nitride
deposited using CVD and the silicon nitride cladding layer is etched with H3PO4 to widen

the void to 3000A.

25. A method of making a conductor on an integrated circuit (IC) comprising the steps

of:

a)  forming a trench in an insulating material;

b) forming an outer layer of a first material on a bottom portion and sidewalls
of said trench;

¢) further forming said outer layer outward from said sidewalls on upper
portions of said sidewalls of said trench;

d) seaming together said outer layer formed on said upper portions of said
sidewalls thereby forming a void, said void running along a length and substantiaily
undemeath said seam and within said trench, said void being encapsulated within said outer
layer;

€) opening access holes through said outer layer to said void; and

f)  filling said void with conducting material.

26. The method of claim 25, wherein said trench is formed by etching partially
through said insulating material and said trench’s depth exceeds its width.

217. The method of claim 25, wherein said insulating material is an SiO, layer and said

trench is formed by reactive ion etching said SiO; layer.

28. The method of claim 25, wherein said trench is wider at its bottom than at its top.



iii), renoving excess said deposited outer conductor |ayer material and

,out er conductor seed | ayer material fromsaid insulatin erTat
e e aim 37, wherein the outer conductor sde SHEET

50 A TiimiRE ﬁ i a 50 ATi layer, the outer conductor | ayer H&Lcr e
is Wa e"voud Iss etched with HNJ err] /HF to w den th B
3000 A 39. The nmethod of cl akfh-25, wherein said cén uctor 2§
cl ad conductor, said first material is a cladding matergfal of |a ard

t he Ta cl addi ng tched with. H L fen the void to
5000 A 95 " e Retnag ofciiinh o Nerein shrench i bl gpt iR erarrar
Is silicon nitride deposited usi ng CvD and the v0|d Is etched with
Herr]PJerr] to wden the void to 3000 A A et hod of naking
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of : nsul ating |ayer;

b) deposﬁr? |CF1lgls %r@%%?%?&gﬁegg%?tgﬁggglgrg@hag bottom portion and sidewal | s
of said trench; c) further formng said outer’

conduct or yer tward fro I de er ortlo f said
si dewal | s Jt’) * sai %H °f°521mai5 W%eremmﬁﬂ)sﬁ’p @e%ﬁﬁ &5%?4?3?8 }éoi? Fer
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out er conduct or EETA” Tromsard I'nsu
material compnses the steps of:

i)  depositing a seed layer;
if)  depositing a conductor layer on said seed layer; and,
iti) removing excess said deposited conductor layer material and seed layer

material from said insulating material.

33. The method of claim 32, wherein the seed layer is a 50 A TiN layer on a 50 A Ti

layer and the conductor layer material is W.

34, The method of claim 33, wherein said conductor is a monofilament conductor and
said first material is a dielectric material.

35. The method of claim 34, wherein the dielectric material is SiO, deposited using
CVD and the void is etched with HF to open the void to 3000 A,

36. The method of claim 25, wherein said conductor is a coaxial conductor, said first
material is a conducting material and further comprising, before the step (f) of filling the
void, the step of:

el) lining said void with an inner dielectric.

37. The method of claim 36, wherein the step (b) of forming the outer conducting
layer comprises the steps of:
i)  depositing an outer conductor seed layer;

il  depositing an outer conductor layer on said outer conductor seed layer; and,




f)  opening access holes through said outer conductor |ayer tRJEHABHMEHTcﬁHEET
g) “etching said outer conductor material in said void to wjdemrsatc—void:
I|n|ng said void with an inner dielectric; i) SEP
depos(mmm{ﬂ"%mﬂé ;ﬁ'ﬂuct or, said core conductor filli ng sai \oi1d7 and 2001

i re conductor material from said insulating=tayer:
-22-  * t42Y % Phe*nethod of claim4i2lwherein said insulafing |ayer is

an Si2 | ayer and the step (b) of depositing the outer contfuTror

Cayer o e ST smogiagomiess i, Atnapie Suah otk M haBALHE Bl Pl

conduct or  &aRdcthAMRM laydFfaterial from said insulatihg hapeeMl.ng excess sai d deposited
outer conductor |ayer 'material and outer conductor seed |layer naterial

fromsaid SI Q2. 43. The nmet hod of claim42, wherein the inner

dielectricyys S 'g%eﬁ%oﬁ%q Adf § %e%éla ﬂng outer %ﬁﬁ&bﬁ b Ihft@ i¢Qrsp Aonmuct or

COI'TpI’I sSes ? e st OSI a seed ayer ;
ii) depOSlatyexrtgx acmﬂubtlwerm@nmadondmtsdaybrmmaﬂ EyWrandéthVOId is etched with j j | )

renovi ng ex aid, Sit.
from sa?d ]tOWI on evoﬁ?o g&dbdKCt or material and seed |ayer material

- 39. The method of claim 25, wherein said conductor is a clad conductor, said first
material is a cladding material of Ta and the Ta cladding layer is etched with HNO; /HF to
widen the void to 3000 A.

40. The method of claim 25, wherein said first material is silicon nitride deposited
using CVD and the void is etched with H3PO4 to widen the void to 3000 A.

41. A method of making a coaxial conductor on an integrated circuit (IC) comprising
the steps of: |

a)  etching a trench in an insulating layer;

b)  depositing an outer conductor layer on a bottom portion and sidewalls of
said trench;

¢) further forming said outer conductor layer outward from said sidewalls on
upper portions of said sidewalls of said trench;

d)  seaming together said outer conductor layer formed on said upper portions
of said sidewalls thereby forming a void, said void running along a length and substantially
underneath said seam and within said trench, said void being encapsulated within said outer
conductor layer;

¢)  removing excess outer conductor material from said insulating layer;

f)  opening access holes through said outer conductor layer to said void;

g) etching said outer conductor material in said void to widen said void;

h) lining said void with an inner dielectric;

i)  depositing a core conductor, said core conductor filling said void; and

j)  removing excess core conductor material from said insulating layer.



44. The nethod of claim43, wherein the core conductor sbeﬁtp ADISREN :
L he outer conductor seed |layer are each a 50 A Ti N | ayer} o ; m
| ayer, ; the cor e.conduct or and outer conductor material ifs W?r}d t e v0| c]
i s et chidflIEl! | \'th/HFto wi den the void to 3000 A. 45 =
met hod "G3™"¢] "2 Mrein the coaxial conductor is a trigxiwe Mnﬂucmr
and further corrprrsr ng, before the st2Bp (i) of depositifg the core
conductor, the steps of: hl) lining said void withaf—-rRer

conduct or yer; h2 es s throu ai d [
conduct or f‘g’y The method °f°1ﬁ’fi4 ?Tﬁl%s ‘ﬁ%@?@%ﬁ?’ﬁrg% aY‘?’rr?@BQEe
dielectricgte ?(K)ofdeposmngthe&ﬂérdm&ﬁuw@oﬁﬁﬁﬁ agtegsoft hr ough sai d second
i nner dielectric_|layer A method of nmmking a clad conductor on

an integrated cr#)cur@eWF@g%ﬁm%Q%Ctﬁh@edlaY%eps of : a)
etching a trench; g

cl addi ng | ayer or) sa&gj I NS %‘Zﬁ%g#@é‘g@r 13?4%{ ogns aléi %ta%lﬁgiugg@'?, ?%dnﬁy& arﬁl
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;)trj'é\r/]vgrld frgcrpl S orse %@Haen%pﬁgg%%rdsoart i ons of said sidewalls of said

43. The method of claim 42, wherein the inner dielectric is SiO, and the step (j) of
depositing the core conductor comprises the steps of:
| i)  depositing a seed layer;
ii)  depositing conductor material on said seed layer; and,
ifi) removing excess said deposited conductor material and seed layer material
from said SiO».

44, The method of claim 43, wherein the core conductor seed la)rer and the outer

* conductor seed layer are each a 50 A TiN layer on a 50 A Ti layer, the core conductor and
outer conductor material is W and the void is etched with HNO; /HF to widen the void to
3000 A.

45. The method of claim 41, wherein the coaxial conductor is a triaxial conductor and
further comprising, before the step (i) of depositing the core conductor, the steps of:
. h1) lining said void with an inner conductor layer;
h2) opening access holes through said inner conductor layer;
h2) lining said void with a second inner dielectric; and

b2) opening access holes through said second inner dielectric layer.

46. A method of making a clad conductor on an integrated circuit (IC) comprising the
steps of:

a)  etching a french in an insulating layer;

b)  depositing a cladding layer on said insulating layer and on a bottom portion
and sidewalls of said trench;

¢) forming said cladding layer outward from said sidewalls on upper portions
of said sidewalls of said trench;




d) .seam ng together said cladding |ayer formed on said upper{ REPLACERIAT shp
.sai d srd-ew&H—s——t—he-r—e,by._f_orm ng a void, said void running al org P—m

subst a Al neat h said seam and wit hin said trench, sdid vgéd E?'?ﬁ
encaps ;_,s;_; qu d cl addi ng | ayer; e) renoving gx 3

cl addi ng 1t g:) said insulating |ayer; f) etghil

hol es through sald claddlng layer to sal¥-voi d; g) vtchlng t he
surface of said cladding |ayer in said v0|d to mnden said vo h)

depositing a seed | ayer ai see |
deposi ting conddtt or ijngstf’ ql%y af{?]’g? Eau?upper pom?n}s °f|5équbw ng
excess sai gideheilie sihéreby qonsid tapnroﬂ;ﬂsﬁalahd&aﬁhlﬁge@b ¥ dengdiRtapdi stbsthsituitysai d

Si Q2. 47. The thod of c¢laim46, wherein said cladding |layer is a
| ayer of . TERdgmgalpyal aeam aadivAgin 53id transh, aich el peing FRRgPEHAtpd MR Saidi den
the void tg ?&ﬁ%)l g? The met hod of claim 47, wherein said cladding
| ayer is a lay Si I | con nitride deposited using CVD and the silicon

nitride claddi ng)l ayemoviag excdsecladdingmiefeainl frd@isaid ifsutatingdayen t he void to
3000 A. f)  etching access holes through said cladding layer to said void;
g)  etching the surface of said cladding layer in said void to widen said void;
h)  depositing a seed layer, said seed layer lining said void;
i}  depositing conductor material on said seed layer; and,
j)  removing excess said deposited conductor material and seed layer material
from said SiOs.

47. The method of claim 46, wherein said cladding layer is a layer of Ta and the Ta
cladding layer is etched with HNO, /HF to widen the void to 3000 A.

48, The method of claim 47, wherein said cladding layer is a layer of silicon nitride
deposited using CVD and the silicon nitride cladding layer is etched with H3POy to widen
the void to 3000 A.




