| vNETHCD OF FORM NG A SURFACE COATI NG LAYER W THI N AN_OPENI NG
\Z/V‘?'Hi] HL'AZE%?)YABY ATOM C LAYER DEPOS| TI ON RELATED PATENT APPL| CATIZORSIUrHI085
APPLI CATI ON | S RELATED TO DOCKET # CS01- 126, FILING DATE SERIAL NO
ASSI GNED TO A COWDN ASSI GNEE.  BACKGROUND OF THE | NVENTION (1) FIELD OF
THE I NVENTION This invention relates to a nethod of fabricating nultileve
i nterconnected vertical channels. and horizontal channels or tunnels, for
applications in both integrated circuits and bio-sensors, formng copper
i nterconnects and inductors by atomic |ayer deposition, AID, of a copper

rrier la 0 | ay | . the vertical channels and
Egrizontalygaanneq? %?e Sﬁﬁgﬁg.ﬂ(géRféék}ﬁqaﬁfﬁﬁ(5ﬁqﬁELE?E?zﬁf§N}2TFg§gG
' [ a description, Wty 0, :

lSJegt | ggt . No. 6, 225, ZZ@TB}IEﬂe%% ﬁﬁ%"a&w@?ﬁ%‘éct %‘ﬁ%oﬁoéT@}bper Seed Layer
for Dual Damascene Interconnects"” granted My 1, 2001 to Ho et al. f
describes a nethod of depositing a copper seed |ayer in the manufacture ?
an integrated circuit devi RELATED PapENr EePIItRYEONSS thin and Cpnrorna_
for 1 25 %gL 2005 subs%guent el ectrol ess plating of copper. A dielectric
|ayer THIS APPLICATION IS RELATED TO DOCKET # Cs01-126, FILING DATE

 SERIAL NO. + ASSIGNED TO A COMMON ASSIGNEE.

BACKGROUND OF THE INVENTION
(I) FIELD OF THE INVENTION
This invention relates to a method of fabricating
multilevel interconnected vertical channels and horizontal
channels or tunnels, for applications in both integrated
circuits and bio-sensors, forming copper interconnects and
inductors by atomic layer deposition, ALD, of a copper

barrier layer and copper seed layer, in the vertical channels

and horizontal channels or tunnels.

(2) DESCRIPTION OF RELATED ART
In this section a description of related Prior Art

background patents follows.

U.S. Pat. No. 6,225,221 Bl entitled “Method to Deposit a
Copper Seed Layer for Dual Damascene Interconnecté” granted
May 1, 2001 to Ho et al. describes a method of depositing a
copper seed layer in the manufacture of an integrated circuit

device. The copper seed layer is thin and conformal for
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Is patterned to formvias and trenches for planned dual damascene

i nterconnects. A barrier layer of tantalum titanium or tungst@ndidL 2005
deposited overlying the dielectric layer to line the vias and trenches. A
copper seed |layer is deposited overlying the barrier |ayer by the reaction
of CuF2 vapor with the barrier layer. U S. Pat. No. 6,284,646 Bl entitled
"Met hod of Form ng Snopoth Conductive Layers for Integrated Crcuit
Devices" granted Sep. 4, 2001 to Leem describes a nmethod for formng a
nmetal layer for an integrated circuit device includes formng a first
conductive | Loonan integrated circuit substrate. Wiile formng the
first conductive Fayver SRETEOLESE Bhathnexof otoppRE { ik sticiendudid Laykeyer

i s nonitored; # ion _of the first conductive layer is

t er mi nat ed V\ﬁéni th%ﬁércgft{gelt(ﬁﬁ‘%nnvl"ﬁﬁe?ngf Lrerches stox ginmed, dadyer

- reaches a paafedesid net ulow e §i opductive er_can be an
S cRects? A REbrEEE e B MRcademy 500

‘alum num | ayer having a thickness in the range

Angstrons t otiGili vigiy dihgsten. iBaliepdi t & 2442 ntit.l ed .
"Integrated Inductive Conponents and Vet hod (2)? eFa%E |n§%tt?‘r?gd§3§'ﬁ°tnc

Conponent s” R¥sn deb Jume TBe 2003 andHarseomes. al .cdBachessd ?Laée? J¥L 2005
. method of fabricating inductive conponents in which there is Dbuilt up thin

films in treffRRSitesh oviesdoinge tbonbaneivr lapdrides the wheltaba of EOP,
surface of \A‘/p ch is

Apor wié%léggegarrier layer.

U.S. Pat. No. 6,284,646 Bl entitled “Method of Forming
Smooth Conductive Layers for Integrated Circuit Devices”
granted Sep. 4, 2001 to Leem describes a method for forming a
metal layer for an integrated circuit device includes forming
a first conductive layer on an integrated circuit substrate.
While forming the first conductive layer, a reflection index
of the first conductive layer is monitored, and the formation
of the first conductive layer is terminated when the
reflection index of the first conductive layer reaches a
Predetermined value. The first conductive layer can be an

aluminum layer having a thickness in the range of

approximately 500 Angstroms to 1500 Angstroms.

U.S. Pat. No. 6,249,039 Bl entitled “Integrated
Inductive Components and Method of Fabricating Such

Components” granted Jun. 19, 2001 to Harvey et al. teaches a




I nsul ati-on | ayer having a shallow concavity or trench, a first plurality
of conductive elenments fornmed in the trench, a magnetic core fo@gnedUlvegis
the-first plurality of conductive elenents, and a second plurality of
conductive elenents formed over the core. The first and second pluralities
of conductive elenents are connected to each other so as to form an

I nductive coil around the core. First and second core insulation |ayers
are di sposed between the core and the first and second pluralities of
conductive el enents, respectively. The conponent is fabricated by a nethod
in which it j i | L ae trench using thin filmtechniques. U.S.
Pat. No. 6, 1’%%%&7 °LE551 %%f?‘tgftégggwb?‘g%‘dt’o‘ﬁ ‘%ﬂ?ﬂﬁ‘feﬁﬁ ity Whdc fheppghs Q

| nduct or for ) conquctor... Devices" granted Feb. 13, 2001 to Chu teaches a
net hod of drﬁ ?hlrgndlpa%%ﬁﬁdﬁ&g‘g‘ﬁ 1B TR T o drsuctéviec €opgeperses t he
steps of form he bottomlegs on a first substrate; depositing a second
substrate | a’gfé"?" & & FECPEFetesabsthatrfacn mfhghish gai & dbwerde | egs
for each loop through the -second substrate |ayer; and, formng top |egs
connecting PHT WP 1lagerchaving enoshal ¥ovw mondjatidyt obottrenchega. The 3
2 5 JUL 2005 step of providing the side legs includes formng a pair of

vi as t hr ougfitid $ddend isubefr aprdticiive telanmm thotficamededs, thandrdreRsi tin
side legs in the vias. The step of formng the top |legs preferably :
i ncl udes f orimigretdigarnse Hermednotdre the first plurality of conductive

elements, and a second pPlurality of conductive elements
- formed over the core. The first and second pluralities of
conductive elements are connected to each other so as to form
an inductive coil around the core. First and second core
~insulation layers are disposed between the core and the first
and second pluralities of conductive elements, respectively.
The compenent is fabricated by a method in which it is built

up in the trench using thin film techniques.

U.S. Pat. No. 6,187,647 Bl entitled “Method of
Manufacturing Lateral High-Q Inductor for Semiconductor
Devices” granted Feb. 13, 2001 to Chu teaches a method of
forming an inductor for a semiconductor device comprises the
steps of forming the bottom legs on a first substrate:
depositing a second substrate layer over the first substrate:;
forming the pair of side legs for each loop through the
Second substrate layer; and, forming top legs connecting

pairs of side legs extending from adjacent bottom legs. The




pairs of vias respectively communicating with the adjacent bottom | egs,

- and depositing top legs in the channels. Additionally, the stepd ®fJUL 2005

form ng the side and top legs are performed concurrently. U S Pat. No
6,305,314 El entitled "Apparatus and Concept for Mnimzing Parasitic
Cheni cal Vapor Deposition During Atom c Layer Deposition” granted Oct. 23,
2001 to Sneh et al. teaches a nethod and apparatus for avoiding .
contami nation of filns deposited in |ayered depositions, such as Atomc
Layer ‘Deposition (ALD) and ot her sequential chem cal vapor deposition

by ke of 8 e FoRE e eRanhe, C1AE MY ARy EeEeesorBriF R T T

by use of a pre- reaction c eltec

cont ani nat i RG.GAIRUEGEORELI HEBLE LQpSEROSE tla%f"'g%?g r%g'r SQEB%%FOF THE

gas-delivery apparatus prior to entering the AD _ _

| NVENTI ON | tarics depgedeialy shijeclegé ihetid efidd. imheeRLeNoEOfoPHONE dEHEN

i nproved nethod of fornming multilevel interconnected vertical channels and
hori zont al dephdeEas prefgrably- includes -f&rmuinkla ZmﬂinbmnbetﬁeeﬁhEh@EthOd
has broad applications in both integrated circuits and blo-sepsors: in the
field of seMTHATSE Jigs reprerhbretut compuside témepen thntbecadhacest and

I'nductors, %%%ﬂ&& legs, and depositing top legs in the channels.

' Additionally, the steps of forming the side and top legs are

rerformed concurrently.

U.5. Pat. ﬁo. 6,305,314 Bl entitled “Apparatus and
Concept for Mipimizing Parasitic Chemical Vapor Deposition
During Atomic Layer Deposition” granted Oct. 23, 2001 to Sneh
et al. teaches a method and apparatus for avoiding
contamination of films deposited in layered depositions, such
as Atomic Layer Depésition (ALD) and other sequential
chemical vapor deposition {CVD) processes. The CVD deposited
contamination of AILD films is prevented by use of a pre-
reaction chamber that effectively causes otherwise-
contaminating gaseous constituents ﬁo deposit on wall

elements of gas-delivery apparatus prior to entering the ALD

chamber.

SUMMARY OF THE INVENTION
It is a general object of the present invention to.
provide an improved method of forming multilevel

_interconnected vertical channels and horizontal channels or




the field of bio-sensors, for applications in the formation of mni- or

m cro-colums for gas or liquid separation, and gas/liquid chroedoflfladtigs
and simlar capillary separation techniques. Furthernore, for

sem conductor integrated circuit applications, special techniques are
described to deposit by atomc |ayer deposition, ALD, a copper barrier

| ayer and seed |ayer, for subsequent el ectroless copper plating, filling
trench -and channel or tunnel openings, in a type of damascene process to
form copper interconnects and inductors. A process flow outlining the

net hod of t en as foll f.or intercopnects and
i nduct or s: rkaﬁgrF%rngPFgﬂ¥§$£§?€%%ﬁ%@o%équﬁ%%ﬁﬁﬁ¥§nﬁy165 R§Patebeertedal

silicon nitrdidediadeun2bi bl 08hEot 2y ein ;iﬁ}geo 5110 o8 o %SEB arLiep,layer

and copper seed layer in the trenches annel ectrof 8ss-°

deposi tion ﬁamm&ﬁnqpbatﬁeedpbaweintéﬂaorﬂwﬂsc@Jndmiﬁaae'ts% PQLy sl ng
back of excess copper, (5) Barrier deposition, SiN, to seal the copper

openi ngs i n theoifiiiedd ofpbip-saheoronnixet sapaild datdweisois. thay £bembbeoset hod
of the present invention, is the -52 5 JUL 2005 use of a sacrificial '

silicon nit Afd@imdyep=t WFEPW?*W@%@&:tvatnd-alqsudAlssparkeyons Ak
deposi tion %y gﬁpn1c Ia er deposition of a copper barrier |ayer and copper
seed | ayer, %% 1§Hﬁ§e& EATAEPEERRRY estnd gl an gepAdlaryasepanatior type -

techniques. Furthermore, for semiconductor integrated circuit
applications, special techniques are deséribed to deposit by
atomic layer deposition, ALD, a copper barriex layer and. seced
" layer, for subsequent electroless copper plating, filling
- trench and channel or tunnel openings, in a type of damascene

- Process to form copper interconnects and inductors.

A process flow outlining the method of the present
invention is as follows, for interconnects and inductors:
- (1) Formation of trenches and channels by using a
sacrificial silicon nitride layer
(2) Atomic layer deposition of a copper barrier layer and
copper seed layer in the trenches and channel,
(3) Electroless deposition of copper upon seed layer,
(4) Chemical mechanical polishing back of excess copper,
(5) Barrier deposition, SiN, to seal the copper openings in

forming copper interconnects and inductors.

Key to the method of the present invention, is the



process, with trench and channel or tunnel openings. The end result is the
fabrication of inlaid copper interconnects and inductors. This iZnyeldli 05
has been sunmari zed above and described w th reference to the preferred .

enbodi nents. Sone processing details have been omtted and are understood

by those skilled in the art. Mre details of this invention are stated in

t he. -"DESCRI PTI ON OF THE PREFERRED EMBODI MENTS" section. BRI EF DESCRI PTI ON
OF THE DRAW NGS The obj ect and ot her advantages of this invention are best
described in the preferred enbodinents with reference to the attached

dr awi t hate de. Eigs..1A -.1C which i - secti onal
fepreoont at e o K SpeEifieidl s Heod MATAdh Sdey 30° b on = pnaten:

invention, ighdVdhaRAnwekti gak yi i l,..channel s are .being
formed. -6_2 5 JUL 2005 FEi Bs.ﬁ‘%’fx@z%?éiﬁgugsﬁairté%é‘ By S%Pf“lfh%a%ﬁfhod of

the present depoaition, oENawWsbppey SbdiLalr LTHRAGNeS P RABALI zaakaY, annel s
are fornmed. Figs. 3A 3C, which in three-dinensional F%bresenta%?%%b’

illustrate tHee Fubrrquenyeeldeposlés Oncaper GIRAing Aat af dhhEskant Neype
vertical trenches and horizontal channels, and excess copper is chem cal
mechani cal | PXP6EEEheditBatkennl andchinrel Shemwnnielli speaihakl oTkE &ydusi ng
a .
] result is the fabrication of inlaid copper interconnects and

inductors.

This invention has been summarized above and described
with reference to the preferred embodiments. Some proceésing_
details have been omitted and are understood by those skilled
in the art. More details of this invention are stated in the

“"DESCRIPTION OF THE PREFERRED EMBODIMENTS” section.

BRIEF DESCRIPTION OF THE DRAWINGS
The object and other advantages of this invention are
best described in the preferred embodiments with reference to

the attached drawings that include:

Figs. 1A ~ 1C, which in cross-sectional representation
illustrate the first part of the method of the Present

invention, in which vertical vias and horizontal channels are

being formed.




standard single copper damascene process, and thus, formng the top
channel- region for the copper inductor. Fig. 4A - 4C, which in a2 5 JUL 2005
cross-sectional side-view projected inages, illustrate one of the

enbodi ments of the present invention, in which vertical trenches and

hori zontal channels are forned sinultaneously and filled by electrol ess
deposition of copper. Figs. 5A - 5B, which in cross-sectional

representation illustrates yet another enbodi nent of the present
invention, a planar spiral structure, consisting of a long mcro channel,
‘have nmany applic |ons of ich are outside of the Sem conductor

| ndustry. Fig. 6%t ﬁAln B3tRaRe ddRsitorhe wrEkeR of | thRtrates

‘anot h m v L MeNtd a1l t2e2cnU 2005 whereb
long spiral S, S 60 T St ERRS = aBpt Bt TRt ore

of whi ch. ar enamingidea®t EHBmedeNM conduct or Industry. DESCRI PTI ON OF THE
PREFERRED EMBCDI MENTS The present invention describes an inproved nethod of
forming nultilevel interconnected vertical channels and horizontal
~channel's or tunnels. The new and inproved nethod has broad applications in
bot h i ntegrated &rggui B8 andChi ovhisgnsior thrice-diaehisebdanf semnm conductors,
for fabricating both copper interconnects and inductors, and in the field
of bi o- representatlon illustrate the atomic layer dep051tlon of

copper, that fills in the vertical trenches and horizontal

channels, and excess copper is chemical mechanically polished

back and planarized. Then, this is followed by using a

standard single copper damascene process, and thus, forming

the top channel region for the copper inductor.

Fig. 4A - 4C, which in a cross-sectional side-view
Projected images, illustrate one of the embodiments of the
Present invention, in which vertical trenches and horizontal

channels are formed simultaneocusly and filled by electroless

deposition of copper.

Figs. 5A - 5B, which in cross-sectional representation
illustrates yet another embodiment of the Present invention,
a planar spiral structure, consisting of a long micro-
channel, have many applications, some of which are outside of

the Semiconductor Industry.

Fig. 6, which in a crude three-dimensional sketch

illustrates another embodiment of the present invention,




sensors, for applications in the formation of mni- or mcro- colums for
gas or tiquid separation, gas/liquid chronatography, and sinmlag Sajll 1200%
separation techniques. Furthernore, for sem conductor integrated circuit
applications, special techniques are described to deposit by atomc |ayer
~deposition, ALD, a copper barrier |ayer and seed |ayer, for subsequent

el ectrol ess copper plating, filling trench and channel or tunnel openings,
in a type of danascene process to form copper interconnects and inductors.
A process fIOM/outIining the nethod of the present invention is as

foll ows, forl{ rcongects and | nductors (1). Formation of trenches and
channel s by ‘18 1g % % EPﬁffgﬁﬁﬁ S?FlﬁhﬁP?ﬁ¥rh?ﬁiﬂa%ﬁeﬁOrmst ghich RESS (2)

At om ¢ Iayer er arrJ | ayer and copper seed layer in
t he trenches and an(rzfgltg ec?£ QuhsgieorLc&Bfer upon seed

| ayer, (4) S&ﬁﬂﬂdﬁﬂudﬂaghgauﬁghr90|IShIng back of excess copper, (5)
Barrier deposition, SiN, to seal the copper openigns in form ng copper

i nterconnects and inductors. Key to the nethod of the present invention, is
the use of a sacrificial silicon nitride layer to formtrenches and
channel s. Al so, key i SDESGRIRPIGN (O ITHE FREFERKEDAERBODERAGSSt I On of a
copper barrier |ayer and copper seed |ayer, for subsequent el ectroless
copper plating i BERESBENENYGpbion describes an improved method of

forming multilevel interconnected vertical channels and
horizontal channels or tunnels. The new and improved method
has broad applications in both integrated circuits and bio-
sensors: in the field of semiconductors, for fabricating both
copper interconnects and inductors, and in the field of bio-
sensors, for applications in the formation of mini- or micro-
columns for gas or liquid separation, gas/liquid
chromatography, and similar capillary separation techniques.
Furthermore, for semiconductor integrated circuit
applications, special techniques are described to deposit by
atomic layer deposition, AID, a copper barrier layer and seed
layer, for subsequent electroless copper plating, filling
trench and channel or tunnel openings, in a type of damascene

process to form copper interconnects and inductors.

A process flow outlining the method of the present
invention is as follows, for interconnects and inductors:
(1) Formation of trenches and channels by using a

sacrificial silicon nitride layer



process, with trench and channel or tunnel openings. The end result is the
fabrication of "inlaid copper interconnects and inductors. Figs. 713 JUl1Q005
which in cross-sectional representation illustrate the first part of the
met hod of the present invention, in which vertical trenches and hori zont al
channels are being forned. Referring to Fig. IA which in cross-sectional
representation illustrates the first part of the nethod of the present

i nvention, nanely, providing a silicon substrate 9 2 5 JUL 2005 10 and the
formng of an insulating |ayer, thin, 12 over the silicon substrate 10.

The next progess is.the formng.of a patterned first silicon nitride
sacrificial F‘?}S/erééloi& i (?Lrayegug??aﬁégi"ﬁh‘éﬁn%l cIRRpemthaiTiasy deyereantli n

first insulating |ayer, e 45 ifical t he sem conductor _substrate
10 incl udes one or nnf%lﬁa;gggggfE?ﬁ%%lé?i%%é t?ﬁﬂéﬁ%ﬁﬂaﬁﬂuﬁh&Pnéémductive

material and(INe ElledBrc cde! H¥BosdRILRT o PASS VeS8 roed in or over
the substrate, or the like, agﬁsone or" ré?#%ﬁe é%hﬁg%ﬁf§F?35fures, such

as, vias, cothtaditenittadnmeehanithdl pol{iRon@Qhdied Ik esNeX
insulating layer, thin, 12, over the silicoﬁgsubstrate 18? i%pP%EHEd. Key

to the presefit) i Raariiean deposhsibor nBil, ofo sseqlattey R$er’ Shefiilhs0in
nitride sacrificial layer 14, that is used in subsequent channe
f or mati on. The pat t er F@FPLPLsfFopper interconnects and inductors.

Key to the method of the Present invention, is the
use of a sacrificial silicon nitride layer to form trenches
and channels. Also; key is the deposition by atomic layer
deposition of a copper barrier layer and copper seed layer,
for subsequent electroless copper plating in a damascene type
Process, with trench and channel or tunnel openings. The end

result is the fabrication of inlaid copper interconnects and

inductors.

Figs. 1A - 1C, which in cross-sectional representation
illustrate the first part of the method of the present

invention, in which vertical trenches and horizontal channels

are being formed.

Referring to Fig. 1A, which in cross-sectional
representation illustrates the first part of the method of

the present invention, namely, providing a silicon substrate




nitride sacrificial layer 14, is fornmed over the thin first

?hghfg?lng | ayer '12. F@ferrlngyto Flg 1B, which in cross-sectiofaf JUL Zmﬁ
representation illustrates the next part of the nethod of the presentI
invention, nanely, providing a first dielectric layer, thick, 16 overlying
the patterned first silicon nitride sacrificial layer 14, by deposition.
Then, planarizing the first dielectric |ayer, thick, 16 by chem cal
mechani cal * poli shing, as shown in Fig. 1B, which depicts a snooth, flat
pl anar surface for the first dielectric layer, thick, 16. -10-

------------- 005. Referring to Fig. IC, mhlch I n cross-sectional
"representatlonlﬁa nglﬁﬁo?ﬁe?nkkﬁsﬁkﬁ?1Qﬁ lereTnethéa  of 12t heepr thent

tion, | n|n s 22 arrows) in the first
hpgfgciric F§§§f¥”?hucgkg%§¥ go rrﬁrﬁfégﬁf séF@@tFﬁeP?er€ﬁ6W+ﬂ@ of

vertical re@ Qi&ﬂ:ﬂéfrnbaeflg:bfsélﬂi&@g\'uﬁﬁdea ac é‘%h .1.a1 R%Xe ﬁi‘Ct ive ion

etch, stopping on the silicon nitri sacrl ayer protess

GFubse d
lates re Grhahneheroihstich | Ay ithe tBYQN £35BkCk, 16 an
'gigoges pOFtIOﬂSq%?éfhg under | yi ng silicon nitride sacr|P|C|aI | ayer 14.

Fi gs. 2A - ZApsuliatiogr depeiknlParMotdcspmiifidadfiivi hehePsem@BbnANEEEi ON, N

which vertica s&&%@ghgg gﬂglggéézgzgéﬂr more layers of insulating
ﬁateriai and/or conductive material and one or more active
and/or passive devices, formed in or over the substrate, or
the like, and one or more interconnect structures, such as,
vias, contacts, trenches, metal wiring and the like. Next, an
insulating 1ayer} thin, 12, over the silicon substrate 10,
is formed. Key to the Present invention is the forming of a
patterned first silicon nitride sacrificial layer 14, that is
used in subsequent channel formation. The patterﬁed first
silicon nitride sacrificial layer 14, is formed over the thin

- first insulating layer 12.

Referring to Fig. 1B, which in cross-sectional
representation illustrates the next rart of the method of the
present invention, namely, providing a first dieiectric
layer, thick, 16 overlying the patterned first silicon
nitride sacrificial layer 14, by deposition. Then,
planarizing the first dielectric layer, thick, 16 by
chemical mechanical polishing, as shown in Fig. 1B, which
depicts a smooth, flat planar surface for the first

dielectric layer, thick, 16.

-10-




channel s are fornmed. Referring to Fig. 2A, which in cross-sectional
representation illustrates a key part of the method of the presQW;JUL 2005
i nvention, nanely, the sacrificial layer of silicon nitride is now wet
etched away form ng horizontal channels 24 (arrow). Furthernore, by

sel ectively wet etching away the wunderlying sacrificial silicon nitride

| ayer, there is now fornmed both vertical channels 22 and horizontal
channel's 24 or tunnels in the first dielectric |ayer, thick, 16, as shown
in Fig. 2B. -11 2'5 JUL 2005 Referring to Fig. 2B, which in three

di mensi onal representation illustrates the final part of formng vertical
channel s, and horizontal channels, and is the direct result of the prior

processing stepsgehMatiGRy Lbepi oI |cuhlt§] n ‘&% of LLhe Elrst
eu

dielectric layer, thick, 20 (16), after nderlying Sacfificial silicon
nitride | ayeiepreseatR¥een Jn@stﬁé)i@é | b e HROIAR t0b £t REe InéEﬁ&d of
dielectric layer, thick, 20 (16), is shown "freestandi ng”, I' S anchor ed

sonmewher e |ﬁhehprbaehgrmumdnttmm cﬁambxyw(ﬁoﬁdﬁh93%ahcbgénlhgglQQ._hbte, t he
formati on of both vertical channels 22 and horizontal channels 24 or :
tunnel s in tl§ErPWEdt igi Ehecfiret diglectaiv deyer ashikbywn LA, the three
di mensi onal r%h%%%hﬂ anglsélggililfg ré%iéiég:vggyiggllgeggggg-génggslonal
first dielectric layer, thick, by a reactive ion etch,
stopping on the silicon nitride sacrificial layer 14. This
pProcess isolates regions 20(16) of the first dielectric
layer, thick, 16 and exposes portions of the underlying
silicon nitride sacrificial layer 14.
Figs. 2A - 2B, illustrate in part the method of the

present invention, in which vertical trenches and horizontal

channels are formed.

Referring to Fig. 2A, which in cross~sectional
representation illustrates a key part of the method of the
Present invention, hamely, the sacrificial layer of silicon
nitride is now wet etched away forming horizontal channels 24 -
(arrow) . Furthermore, by selectively wet etching away the
underlying sacrificial silicon nitride layer, there is now
férmed both vertical channels 22 and horizontal channels 24
or tunnels in the first dielectric layer, thick} 16, as

shown in Fig. 2B.

-11-




representation illustrate the atom c | ayer deposition of copper, that
fills i'n the vertical trenches and horizontal channels, and exc@sg JKAPRQ5
i s'chem cal mechanically polished back and planarized. Then, this is
fol | owed by using a standard single copper damascene process, and thus,
formng the top channel region for the copper inductor. Referring to Fig.
3A, which in three dinmensional representation illustrates the formng of
both a copper barrier layer and a copper seed layer in the vertical
channel's, and bottom horizontal channels. Firstly, a copper barrlgr5lﬁyfr
32 and copper se ( 00 thintQo 12- - ------- - ----_---
2005 sket (F:)E botﬁgfégyﬁe%a‘[zo yer # )wrhlfg ﬁngEf?%odﬂ%’bse’ﬁ’}%l y by
atonic | ayepedenssihtifibn %ﬁu&&%&efsh heXRRAEY g&&-{a&fs ?&%qc >é-1§1

. ng )

sketched in the three dinensional rendering,

3B, whi ch |ahahﬂenasdummmonﬁﬁpr&&anb;ahl,oanaliyﬁ;ﬁ@t@ﬁéé@ 2ReA _Set
of steps in nethod of the present invention,. the el ectrol ess deposition

of copper 8%, thecpridme mowrksmithd tepappEbthbasl i the | BysXHtih JOraT ng
excess copper on the surface. The thick copper layer 34 dips into the
trench, chafifgtorneftthmefizgledindectTie lpyaredthhekk cAppers)dedtidnd on is:

' Ly from 2,000 to 10,000 Angstrons in thickness.
apprOXIWHtetXe underlying sacrificial %lllcon nitride layer is removed,

The isclation of a region of the first dielectric layer,
thick, 20 (16), ;s shown “freestanding”, but is anchored
somewhere in the background, out of view of the sketched -
region. Note, the formation of both vertical channels 22 and
horizontal channels 24 or tunnels in the first dielectric
layer, thick, , as shown in the three dimensional rendering,
Fig. 2B.

Figs. 3A - 3C, which in three-dimensional
representation illustrate the atomic layer deposition of
copper, that fills in the vertical trenches and horizontal
channels, and excess copper is chemical mechanically polished
back and planarized. Then, this is followed by using a
standard single copper damascene process, and thus, forming

the top channel region for the copper inductor.

Referring to Fig. 3A, which in three dimensional
- representation illustrates the forming of both a copper
barrier layer and a copper seed layer in the vertical
channels, and bottom horizontal channels. Firstly, a copper

barrier layer 32 and copper seed layer 32 (too thin to
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Referring again to Fig. 3B, which in three dinensional representation
illustrates the planarization of the excess material in the trefch, JUL 2005
channel and tunnel openings channels to form conducting interconnect
wiring, with inlaid copper in a damascene process. Note, the excess
material in the thick copper layer 34 is polished back and pl anari zed,
along with the barrier and copper seed | ayer 32, by chem cal nechanical
polish (CWP). This conpletes the process for form ng copper interconnects
and the vertical region of the inductor. 13  ---------- -- - 25 JUL 2005

Referring t ' 3¢ [ | p.three dj sional representation illustrates
the final s% é%ls&ﬁhﬁ tS ﬁ(gwpr%t %%]Q%fﬂbﬁre *t)r e’ntaﬁen\?é’ﬁf’is&%.e AFEEPeERivebyye

step, a bar Heratcad@l 1a4d2) 468804 {5409 ;éﬁh[?roqwg}_g%{eogg{p%giegks%?%%ée %fe XtSi Na-

i s deposited by PECVD, plasma-enhanced emc vapor eposi

second | Nl Das3@xubie)ly skeechedein Meiél thliee | Beldnsl ondayerehlREY A4 000; & 0
6, 000 Angstrons thick is deposited by PECVD, plasma-enhanced c%en1c

-vapor deposi®-.ion. This second IMD layer 36, is simlar to the first |IND
| ayer 16. A top trench is patterned and etched formng a. top channel 39
(arrow). This top channel 38 is then filled wth copper barrier and copper

39, CWP chemi cal n%%hanical ol i shed back, simlar to 34. Polishing back
the copper, for REEREIPEPtPEIOn B rAeiHbppethtegudinengdonagain, this

representation illustrates the second set of steps in method
‘of the present invention, the electroless deposition of

copper 34, over the seed and the copper barrier layers 32

forming excess copper on the surface. The thick copper layer
34 dips into the trench, channel and tunnel openings. The
plated thick copper deposition is approximately from 2,000 to

10,000 Angstroms in thickness.

Referring again. to Fig. 3B, which in three dimensional
representation illustrates the planarization of the excess
material in the trench, channel and tunnel openings channels
to form ccnducting interconnect wiring, with inlaid copper in
a damascene process. Note, the excess material in the thick
copper layer 34 is polished back and planarized, along with
the barrier and copper seed layer 32, by chemical mechanical
polish (CMP). This completes the process for forming copper

interconnects and the vertical region of the inductor.
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atterning and etching of the top region of IMDis performed formng the
Pop regiog of the indgctor 39, using a standard single damasceng Pr AfesA05
- Thé above processing steps can be repeated to produce nulti-|level netal
Wi ring and inductor |layers. A sunmary of the sequence of processing steps
to produce - interconnects and inductors is as follows: (a) starting with an
insulating layer, thin, overlying a substrate; -14- --------------- - - -
-------- ~2 .5 JUL 2005 (b) formng a patterned first silicon nitride
sacrificial |ayer, for subsequent channel formation, over the first

[ lating | ayer gdgeh vidi a fLLrst,.di.el ectric I_ er, thick | M,
l)\r/lzlrjl ;li Inggt heypat% erne t‘n i ?tgt ngl'i (g:gh ‘ﬁt!‘%?}il Ch s'gt’ﬁef %“W%&r; (ﬂ) i
forming a pa&éﬂéﬁiﬁ%@adimhgeeat&t£1&&'eff~;?ﬂ'Jécf%cfa'j]z! & m%¥§r§gt.°§ h.! rs
dielectric layer, thick IMy (e) formng a secon lel'ectric ry-thin

| M D, over ttte grﬁseamn&dv&ﬁtmad.snft&@ntﬁétéﬁé¥bEEBEﬂQ!%ﬂ%&&%&@?f%gﬁe§69°”d

dielectric layer, thin 1M, by chem cal nechanical polishing; ~form ng
vi a openi ngsl 3?tqunméaénc'aiéDQcAngsttémﬁnth;dHﬂlhﬂdﬂa@fbwimaﬁgern|ng and
sel ectively renoving regions of the second dlelecprlc | ayer, thin IMD, by
a reactive iqﬁP031ted by PECVD, plasma-enhanced chemical vapor
. | ‘deposition. Next, a second IMD, 36 (16), interlevel metal
dielectric layer from 4,000 to 6,000 Angstroms thick is
deposited by PECVD, plasma-enhanced chemical vapor
deposition. This second IMD layer 36, is similar to the first
IMD layer 16. A top trench is patterned and etched forming a
'top channel 39 (arrow). This top channel 38 is then.filled_
with copper barrier and copper 39, CMP chemical meéhanical
polished back, similar to 34. Polishing back the copper,
forms the top region of the copper inductor 39. Again, this
patterning and etching of the top region of IMD is performed
forming the top region of the inductor 39, using a standard

single damascene process. The above processing steps can be

repeated to produce multi-level metal wiring and inductor

layers.

A summary of the sequence of processing steps to produce

interconnects and inductors is as follows:
(2) starting with an insulating layer, thin, overlying a

substrate;
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h, stopping on the second silicon nitride sacrificial layer, while
2;go§ihg Bgrt?ons of the underlying first silicon nitride sacr|Q|§|jUL 2005
llayer; (g) changing the plasma etching chemistry to etch throug P I
exposed regions of the underlying second silicon nitride sacrificia .
| ayer, and while continuing to pattern the first dielectric layer, thic
I Mo, formng vertical regions of the inductor by reactive ion etching,
'stopping on the first silicon nitride sacrificial layer; (h) selectively
wet etching away the underlying first and second silicon nitride

i ficial th t and bottom horizontal channel or
fﬁﬁagrlgbgnlngs &%§E‘§% %fggﬁﬁge% Slfﬁﬁxﬁﬁ%ﬁqﬂf élﬁéﬁﬁﬁnﬁﬁéﬁpéFcfaTrler
layer, firstidiand, ¢or sﬁB@Eh?Qngoéﬁh%ﬁgf £al channel s and horizonta

channel's or tunnels in the first second dierectr st IgﬁeFérSEy atomc

| yi ng the copper
| ayer deposiinsalatiijngy gapesi:ti ng a copper seed layer overly
ba?rier Fayer bytgtgﬁicﬁlayer deposi tion, coatlng the surface of trench

d | ayer;
and channel (@ t progtidinghaafinppedi dbddtic 1346, aRJcR gABPEr see

(k) perfornming el ectrol ess copper plating copper on the copper seed | ayer
filling treﬁ@ﬁréﬁanshﬁhﬁepabtexmaﬁeflrsﬁmamﬂu;bmmmihraaee&aeﬁifﬂélﬁppper
(1) renDV|nq th% excess of copper and planarizing back the

¢ : N9 Ve ; ” _

(d) forming a patterned second silicon nitride

sacrificial layer over the first dielectric layer, thick.IMD;
(e) forming a second dielectric layer, thin IMD, over the
patterned second silicon nitride and Planarizing the second
dielectric layer, thin IMD, by chemical mechanical polishing;
(£) forming via cpenings in the second dielectric layer,
thin IMD, by patterning and selectively removing regions of

- the second dielectric layer, thin IMD, by a reactive ion
~etch, stopping on the second silicon nitride sacrificial
layer, while exposing portions of the underlying first
-silicon nitride sacrificial layer;
(g} changing the plasma etching chemistry to etch through
the exposed regions of the underlying second silicon nitride
sacrificial layer, and while continuing to pattern the first
dielectric layer, thick IMD, forming vertical regions of the

~ inductor by reactive ion etching, stopping on the first
silicon nitride sacrificial layer;
(h) selectively wet etching away the underlying first and
second silicon nitride sacrificial layers, forming both top

and bottom horizontal channel or tunnel openings;
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excess copper by chem cal nechanical polishing; (m depositing a top

bl anket' copper barrier layer, second barrier, thus conpleting tRe JUL 2005
fabrication of inlaid copper interconnects and inductors. The follow ng
specifications are processing details and conditions for the main

enbodi ments of the present invention: The first and second dielectric

- layers are |low dielectric constant nmaterial or materials conprising PECVD,
pl asma enhanced chem cal vapor deposition of TECS, tetraethoxysilane
deposition with 03, hal ogenated SiO FSG fluorinated silicate glass,
PECVD wi th sjJdyan T .9l O2r arpon-rich silicate glass, porous |owK

pol ymer depdgﬂtigﬁ%gnglﬁgSaJ%ﬁggﬂ%SC??P%ftQﬂ?ﬂ&ﬁés aygige firsth bavddetp

10, 000 AngstdddEindeRRtht 6dr+ gagxgha%ggg%g%%%%g Qr g@P sition or spun-on.

The sacrificial layers of silicon nitri chpngeis| ar g

t hi ck o 2@8et 84 i PECV |
i ckness r angmels0An2@8eat 01890 £H@5§ééﬁﬁaré¥§¥§3€£§%.ngﬁfﬁéi ypg?$$£5n

enhanced chem cal vapor deposition. The u yl ng sac

nitride, ardayeel deposékyonet etched away forming both vertical channels
and horizontal channels or tunnels in the insulating | ayers by the

fol | owi ng hilghl y dsppreéting actoppehisepdetdyet cvemlyisagdtab Beppeposphoric
acid in a tenperature range of from 160 to 200 C. The bottom copper
“barrier lay IFgeEOﬁﬁypgedbgfaq¢m§c layer deposition, coating the

: surface of trench and channel or tunnel with a copﬁer barrier
. -layer and a copper seed layer; |
" (k) performing electroless copper plating copper on the
‘copper seed layer filling trench and channel or tunnel
openings with an excess of copper:;
(1) removing the excess of copper and planarizing baék the
excess copper by chemical mechanical pelishing;
(m) depositing a top blanket copper barrier layer, second
barrier, thus completing the fabrication of inlaid copper

interconnects and inductors.

The following specifications are Processing details and
conditions for the main embodiments of the present invention:
The first and second dielectric layers are low
dielectric constant material or materials comprising PECVD,
plasma enhanced chemical vapor deposition of TEOS,
tetraethoxysilane deposition with 0;, halogenated 8i0, FSG,
fluorinated silicate glass, PECVD with silane for Sidz,

carbon-rich silicate glass, porous low-K polymer deposition,

-16-




-Ti SIN, TaN, TaNs, (M)2N and MoN), NoN, or WN., deposited by atomc |ayer
ggﬁggitign, in a tgickness ranging from20 to 200 Angstroms. 282 ThiJit 38g5
bl anket copper barrier layer, second barrier, overlying the copper, is
conprised of SiIN deposited by PECVD, plasnma-enhanced chem cal vapor
deposition, in a thickness ranging from200 to 800 Angstronms. The chper
seed layers are conprised of copper deposited by atomc |ayer deposition,
t hi ckness range from20 to 200 Angstrons, with atom c |ayer deposition
conditions of: approximate tenperature range from 200 to 300 C, pressure

A , 17T,
. from t Omorr, deposition rate ranging fromO0.01 -17 -
r5a5] %ﬁ 2685 t]%’oapo ('}Ln"%“ﬁe*‘r“ FFRPE, TR0 HuPeR §9 kD AQRY) iAmgstroms0 deBos b ted5

: ' d |layers,
ds. Th I r l,a hi,ck copper on the copper see yel
fS|GICF|nn; chaﬁ?ﬁl%' ?'lunnecg&pé’%gﬁ%sdﬁf?ﬁlgﬁméx%s@‘m ®fcopper, conprising

. o L ) o . h i oxture
fol l owi ng deposition conditions: a liquid plating bat
Egﬁprising C8804P HF, HCL,CH20 wth heat in a tenperature range from25 to

65 C, vyiel ding aTrmommm&aaamglagéggn@,@ssiﬁkgimguft&&@e?aQQOCE,O %QF%%O

Angstroms. Fig. 4A - 4C, which in cross-sectional side-view profec

i mges, ill rEfk igna thickeseesbodhgentsomi2ddheo B0RS ARk sikR¥AAL 1 ON, 1N

' I cal trenches and hori zontal

Vhi ch VertICQLPOSited by PECVD, plasma enhanced chemical vapor.
deposition. The underlying: sacrificial silicon—nitride,‘are
selectively wet etched away forming both vertical channels .
and horizontal channels or tunnels in the insulating layers

by the following highly selective wet etching method

comprised of hot phosphoric acid in a temperature range of

from 160 to 200 °c.

The bottom copper barrier layer is comprised of TiN,
TiSiN, TaN, TaN,, (Mo,N and MoN) , NbN, or WN,, deposited. by
atomic layer deposition, in a thickness ranging from 20 to
200 Angstroms. 28. The top blanket copper barrier layer,
second barrier, overlying the copper, is comprised of SiN
deposited by PECVD, plasma-enhanced chemical vapor

deposition, in a thickness ranging from 200 to 800 Angstroms.

The copper seed layers are comprised of copper deposited
by atomic layer deposition, thickness range from 20 to 200
Angstroms, with atomic layer deposition conditions of:
approximate temperature range from 200 to 300 °c, pressure

range from 10 to 200mTorr, deposition rate ranging from 0.01
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channel s are formedsi nul taneously and filled by el ectroless deposition of

copperf Referring to Fig. 4A, which is a three dinensional

side-view projected inmage, illustrating a silicon substrate or silicon
oxi de substrate 40, a thin insulating |ayer 42 fornmed over silicon

substrate 40. Next, a layer of silicon nitride 43 is formed in trench
opening, and later etched away to formthe bottom horizontal channels.

Next, a fi

rst thick dielectric layer is deposited and planari zed over

thin insulating |layer 42. Next, a second thin dielectric |layer 46 is
formed over gdigh 3¢ Lhgylating layer, -18 2 5 JUL 2005 together with a
"SiN | ayer 92 formed%gglrt ?gﬁg%'op%ﬂiﬁbié%nﬁ"mf YIS feemafaP> &8 @.5

sacrificial

dadids t0 formthe top horizontal channels. This is forned

simlar to 42, except it angles formng the top region of the inductor.
Referring to Fig. 4B, which is a three dinensional projected side-view

projected i
with top vi
sacrificial

cross- sect i Of¥STSy fiddird rhapeel spxictwired, dpdnisigsawasht Ba dkeLest&EC -

mage,' illustrating features simlar to Fig. 4A. In Fig. 4B,

proj @ch efL 2005

t he

ew of Ther eilegtrolesachl40dd OREItH Gopped I20RHRl Lhbf8r43.88d 92,
: | b

| ayers etched away. Referring to Fig. 4C, which™1n a

formed for channels and trenches 48, a deposition of a copper barrier

| ayer and cSPPEFTeeEG™PEyEI"d 7th7 cfoklgying) deposition conditions: a

liquid plating bath mixture comprising CuSO,, HF, HCl, CH,0
with heat in a temperature range from 25 to 65 °c, vielding a

copper plating thickness ranging from 2,000 to 10,000

Angstroms.

Fig. 4A - 4C, which in cross-sectional side-view
projected images, illustrate one of the embodiments of the
present invention, in which vertical trenches and horizontal

channels are formed simultaneously and filled by electroless

deposition of copper.

Referring to Fig. 4A, which is a three dimensional
pProjected side-view projected image, illustrating a silicon

substrate or silicon oxide substrate 40, a thin ihsulating

- layer 42 formed over silicon substrate 40. Next, a layer of

-silicon nitride 43 is formed in trench opening, and later

etched away to form the bottom horizontal channels. Next, a
first thick dielectric layer is deposited and planarized over
the thin insulating layer 42. Next, a second thin dielectric

layer 46 is formed over thin second insulating layer,
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dielectric surfaces by ALD. Next, a deposition of a thick copper |ayer 49
over copper seed |ayer 47 by ALD and the CWMP, chem cal nechani c@l} pjli 320915
back the excess copper to planarize surface. The vertical trenched.forne
491 are shown by arrows and 492 horizontal channels 492 (arrows) are
filled by electroless deposition of copper 49. Atop layer of barrier Si N
(493), optional, conpletes the structure. Figs. 5A -5B, which in
cross-sectional representation illustrates yet another enbodi ment of the
present invention, -19 2 5 JUL 2005 a planar spiral structure, consisting

of a long mdfstdranislen 232g;:Ra n | catjons,, sone of which ar
out si de of thegﬂe Sem conduct or I%gﬁg?rg?aﬁg%&l%;air%lplae,tr&ﬁg cgﬁ’eﬁ‘é'ggt’hflgg

techni que t A dtErMet PR akwaler 68NAEELSy i NEHCT Oia?yeﬁnq;obif%}:ms%ﬂéo_izépf or
applications, such as, columms for gas or liquid™ separation in gas

chr omat ogr apinrizwhtial chpnhedsy TRpArbii HormedRed ki3 HoO 4RI, JexSBptt BES 1S
a top view of a planar spiral structure, consisting of a |long

M cr o- chann&tB2s Fogmingnbeatpngreajen &0, thefirduatpx.o Fig. 5B, this is
a cross-sectional representation illustrating the planar spiral structure,
shown in"Fig. 5A, consisting of a long mcro-channel 52, in a dielectric

substrate 501 ARRERE EIORR. P Tyerhith |1 i P camenRPRANS U at | N
layer- 502. %Aﬂ&é@&%&a&h%%' pggjgétégr:mnsaqge, illustrating features
similar to Fig. 4A. In Fig. 4B, with top view of vertical
trench 491 openings, silicon nitride 43 and 92, sacrificial

layers etched away. .

Referring to Fig. 4C, which in a cross-sectional
projected image, side view, illustrates the dielectric formed
for channels and trenches 48, a deposition of a copper
barrier layer and copper seed layer 47 over exposed
dielectric surfaces by ALD. Next, a deposition of a thick
~copper layer 49 over copper seed layer 47 by ALD and the CMP,
chemical mechanical polish back the excess copper to
planarize surface. The vertical trenched formed 491 are shown -
.by arrows and 492 horizontal channels 492 (arrows) are filled
by electroless deposition of copper 49. A top layer of

barrier SiN (493), optional, completes the structure.

Figs. 5A -5B, which in cross-sectional representation

illustrates yet another embodiment of the present invention,
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together with top open regions 54 (arrows). Referring to Fig. 6, which is a
crgde three-dinegsignal gketch which illustrates anot her enbonn@nﬂJuﬁmmﬁ
the present invention, whereby a long spiral or channel helix 60 is
formed, which has many applications, some of which are outside of the

Sem conductor Industry. Mre specifically, this method has broad
applications in semconductors, for copper interconnects and inductors, as
well as, in the field of bio-sensors for mni- or mcro-colums in gas or
liquid separation, gas/liquid chronatography, and in capillary -20 2 5 JUL

2005 separ atd ¢dnRehBpavgs- s’;_r{l@c@!ﬁpé,t' F s RG] 9%664%2 ('Li'; sz'k'i/j%t %ge

background, base material, with I n" openi

spiral / chanrgsl, halviexmang hbﬁll@&l{: oPENIdME &F WHahOWre! Qu%sg.)ﬁe of jthe
spiral /channel helix sketched in Fig. 6. Wile the invention has been

parti cul ar| Weglicmmdacdordtadusbeyl. wréfléxﬁmymanc&nbochhepaéetﬁiéed.

enbodi ments thereof, it will be understood by those skilled in the art
that variousaHh@iges ta form ceppeletmterqmpdiesiadaductbest, afdéppis+ ng
fromthe spirit and _scope of the invention. -21 2 5 JUL 2005 Wat is
clainmed is: %F“%RrﬁefﬁadaBPl+6?F+?@Ftr%#ﬁh1%ﬁniqgﬁﬁmmﬂ fosr grannel ligqep@ni ngs

for an '”dL“ééﬁaEE%EEE'ihnga Lgméégéé‘ ﬁ?‘ﬁﬁﬁ in capillary separation.

‘Referring to Fig. 5A, this is a top view of a planar spiral
structure, consisting of a long micro-channel 52 in an .

- insulating layer 50. Referring to Fig. 5B, this is

a cross-sectional representation illustrating the Planar
spiral structure, shown in Fig. B5A, consisting of a long
micro-channel 52, in a dielectric layer 50, depicting a
substrate 501, with a thin insulating layer 502 over
substrate 501. A thick dielectric layer 50 is formed over
thin insuiating layer 502. A long micro-channel 52 is formed

together with top open regions 54 {(arrows) .

Referring to Fig. 6, which is a crude three-dimensional
sketch, which illustrates another embodiment of the present
invention, whereby a long spiral or channel helix 60 is
formed, which has many applications, some of which are.
outside of the Semiconductor Industry. More specifically,
this method has broad applications in semiconductors, for
copper interconnects and inductors, as well as, in the field .
of bio-sensors for mini- or micro-columns in gas or liquid

separation, gas/liquid chromatography, and in capillary
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(a) providing an insulating |ayer overlying a substrate; (b) formng a
patterned first silicon nitride sacrificial |layer, for subsequenf Schiingl)
formation, over the first insulating |layer; (c) providing a first
dielectric layer overlying said patterned first silicon nitride
sacrificial layer; (d) formng a patterned second silicon nitride
sacrificial layer over the first dielectric layer; (e) formng a second
dielectric layer, over said patterned second silicon nitride sacrificial

| ayer and pl anarizing the second dielectric |ayer by chem cal nechani cal
pol irshing; (depdrtiicrd tek8n® ENgSR& N ﬁgg%fgﬁé) i.electric_| aye b
patterning a;%)selectively rgﬁgsingh%e%ions 0 ?ﬂﬂghgggoﬁé &FeFéE%FPEXIayer
by a reacti\es itdre dacikgreungpi Bgsemat&ei PB! LeHIE e 6QRe %L_L,fc—cgg Bhtride
sacrificial layer, while exposing portions of the underlying Tifst silicon
nitride sacr{Fqzawil toapeP; spgyatliahghngl Melsinn Rid iRy “ehen shexihg €5Ch

t hrough exposed regions of the underlying second silicon nitride
sacrificial (3RFa™) gﬁd3wﬁiFElEBh(Ph@m¢@ﬂth?¥kﬂtakatdﬂad ihi Fiy.diéel ectric

| ayer formng vertical regions of the 22 2 5 JUL 2005 inductor by
reactive ion etching, stopping on the patterned

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made without

departing from the spirit and scope of the invention.
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first silicon nitride sacrificial layer; (h) selectively wet etching away
the underlying first and second silicon nitride sacrificial |aygrs,Jih@g05
form ng- both top and bottom hori zontal channels or tunnels. 2. The nethod
of claim1, wherein said substrate includes a sem conductor substrate or
silicon oxide substrate with sem conductor device structures conprising
gate el ectrodes and source/drain regions. 3. The nmethod of claim 11, wherein
said substrate includes a sem conductor substrate with sem conduct or

devi ce structures conprising gate el ectrodes, source/drain regions and
multiple levels of metal int et tqlorieds isFhe net hod of claim 1,
wherein nmultilevel interconnected vertical channels and horizontal
channel s 'or tunnels are fabricated by repeating steps (b) through (h). 5.

The et hod of C'i.ﬂk&.owhg%ek”rﬁﬁﬁg L %ghegld éﬁ%ﬁﬂgi dl%l%&&ﬁﬁﬁ | ayers are

| ow di el ectri'c constant  nate erials conp i “pl asnma

enhanced 6?8H1ﬁ&£ ¥&POLn U8RARIH IO dRpr IEPRG Eﬁérééiﬂ9%¥§¢| s deposi tion
with 03, halogenated SiO FSG fluorinated “silicate glass, PECVD with

sil ane f @) SighvicAmoRn iaBulatingal gyl aster P S |silyskrakkymer
deposition, in a 23 2 5 JUL 2005 thickness range from 2,000 to 10, 000
Angst r o )depgiowintiads by peltderoel Fapst sltpbsen imortwidespun- on.
sacrificial layer, for subsequent channel formation,
over the first insulating layer;
tc) providing a first dielectric layer overlying said
patterned first silicon nitride sacrificial layer;
{d) forming a patterned second silicon nitride
sacrificial layer over the first dielectric
layer;
(e) forﬁing a second dielectric layer, over said patterned
second silicon nitride sacrificial layer and planarizing
the second dielectric layer by chemical mechanical
pelishing;
(f) forming wvia openings in the second dielectric layer
by patterning and selectively removing regions of the
second dielectric layer by a reactive ion etch, stopping on
the pétterned second silicon nitride sacrificial layer,
while exposing portions of the underlying first silicon
nitride sacrificial layer;
(g) changing plasma etching chemistry to etch through
exposed regions of the underlying second silicon nitride
sacrificial layer, and while continuing to pattern the

first dielectric layer forming vertical regions of the
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6. The nethod of claim1l1l, wherein said sacrificial layers of firs
ilicon nitride are conprised of SiNin a thickness rang® §rlh 2005
to 800 Angstronms deposited by, plasma enhanced chem cal vapor deposition.
7.. The nethod of claim1l1l, wherein said underlying first and secon
lal silicon nitride |ayers, are selectively wet etched away

second s

sacrific
form ng

di el ectr
conpri se
C. 8. Th
channel s
(b) thro

both vertical channels and horizontal channels or tunnels

t and

d

in the

ic layers by the follow ng highly selective wet etching nethod

60 to 200

d t ph hor i id i t t f
STREEKS BF ERATHE Io "o ST 1 | TPE RS REoE BB REELRT Wor 1 ool

A al, s e . nel .abricated by repeat
lﬁﬁ%ﬁﬁggﬁphﬁ@g&& LS P ei Ay g.aé-ng y rep

rrse alist o roa pl'i cations in sem con

I ng steps
duct ors,

and bi 0- s@)SOlse1eeRibE90wet o Fiiing UwdY At cRldeGihgr £1936 Shal i quid

separat i
techni qu
and t-hen
a copper
fabricat
(a) prov

on, gas/liquid chromatography, and capillary separation
emcchd Aiddthodnbtride nsagrifoncl dagetizgnnbhs dormingel
coating the surface of trench and channel or tunnel open
ety itop Ragebofhamahedpirertabhamelly ox0dgnngded | ayer,

i on of interconnects and inductors, conprising the foll ow
iding an insulating |ayer overlying a substrate;

2. The method of claim 1, wherein said substrate
includes a semiconductor'substrate or silicon oxide
substrate with semiconductor device structures comprising

gate electrodes and source/drain regions.

3. The method of claim 1, wherein said substrate

includes a semiconductor substrate with semiconductor

device structures comprising gate electrodes, source/drain

regions and multiple levels of metal interconnections.

4. The method of claim 1, wherein multilevel
interconnected vertical channels and horizontal channels or

tunnels are fabricated by repeating steps (b) through (h).

5. The method of claim 1, wherein said first and'
second dielectric layers are low dielectric constant
material or materials comprising PECVD, plasma enhanced
chemical vapor deposition of TEOS, tetraethoxysilane
deposition with O3, haiogenated 8i0, FS8G, fluorinated
silicate glass, PECVD with silane for S5i0;, carbon-rich

gilicate glass, porous low-K polymer deposition, in a
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(b) formng a patterned first silicon nitride sacrificial |ayer, for
subsequent channel formation, over the insulating layer; (c) prpV ditjhg 2885
first dielectric layer overlying said patterned first silicon nitride
sacrificial layer; (d) formng a patterned second silicon nitride
sacrificial layer over the first dielectric layer; (e) formng a second
dielectric layer, over said patterned second silicon nitride and .

pl anari zing the second dielectric |ayer by chem cal nechani cal polishing;
(f) formng via openings in the second dielectric |layer by patterning and
sel ect i veicknans inapace diroms 20000h&o 30c0NY Ahesorims cldrmsditeldy by reactive
ion etch, stopping on the patterned second silicon nitride sacrificial

| ayer, SPREPECRL JGRITY SEPSEASPoPTURBBRT9PNg first silicon nitride
sacrificial layer; (g) changing plasma etching chem stry to etch through
exposed regions of the underlying second silicon nitride sacrificial

Layer, and wh| © GRNIUIA0 Jle0 RALKEEN bhHErelhodid! Bldldd g haver form ng
verti cal regions of the inductors by reactive ion etching, stopping on t he
patt er netiagérStosifi AN did Hed@ndachiiibehahi LAYEL | akd)coilAGd @ley et
etching away the underlying patterned first and second silicon nitride
sacrificsall layerishidnessb rhdge?@®bm 200 to 800 Angstroms

deposited by, plasma enhanced chemical vapor deposition.

7. The method of claim 1, wherein said underlying
first and second sacrificial silicon nitride layers, are
selectiﬁely wet etched away forming both vertical channels
and horizontal channels or tunnels in the dielectric layers
by the following highly selective wet etching method
cgmprised of hot phosphoric acid in a temperature range of

from 160 to 200 °C.

8. The method of claim 1, wherein multilevel
interconnected vertical channels and horizontal channels or
tunnels, fabricated by repeating steps (b) through (h},
'comprise a list of broad applications in semicénductors,
and bio—sensoré comprised of: mini- or micro-columns for
:gas or liquid separation, gas/liquid chromatography, and

capillary separation techniques.

9. A method of forming trench and channel, or tunnel
openings and then coating the surface of trench and channel

or tunnel opening with a copper barrier layer and a copper
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form ng both top and bottom horizontal channel or tunnel openings. (i)
depositing said copper barrier layer coating both vertical chann@l% Hfld 7005
hori zontal channels or tunnels in the first and second dielectric |ayers,
by atom c layer deposition; (j) depositing said copper seed |ayer
overlying said copper barrier layer, by atomc |ayer deposition, thus
coating the surface of trench and channel or tunnel with said copper -
barrier layer and said copper seed layer, in the fabrication of
i nt erconnect,;s.and_inducfors,. ,10. The nethqd of claim@9, erein said
substrat?eeﬁﬁéﬁgaﬁg'éns ﬁ?c%ﬁ&ﬁkﬁ%ﬁ”¥h6§¥Fﬁf@rgfngﬁn%goﬁxgxide substrate
W th sem;candyetar devicec sl ugh ur | sing..gate el ectrodes and

e o o o B e R G, e

source/drain regions. 11. The net of clTaim9, wherein said substrate

i ncl udes @)seprodidtalOin SURSET 2 End\ 14y S HveRNJuaH0h sABYEESES] rUCt Ur es
conprising gate el ectrodes, source/drain regions and miltiple |evels of
nmetal int@)cofeentingna. pARteifived nBtdwitd ifl icdoni mi%ridkesecnifhctatirst and
second dielectric layers are low dielectric constant nmaterial or materials
~conpri si AGYREGVEerp EubAadeanE nekanneh didrmatipaorvespsbet i on of TECS,

t etraet hoxysi.l ane eposition with 03r hal ogenated Si O FSG fluorinated 26
2 5 JuL Z@Fglating layer;

(c) providing a first dielectric layer overlying said
patterned first silicon ﬁitride sacrificial layer;

{(d) forming a patterned second silicon nitride

sacrificial layer over the first dielectric layer:;

"{e)  forming a second dielectric layer, over said patterned
second silicon nitride and planarizing the second |
dielectric layer by chemical mechanical polishing;

(£} forming via openings in the second dielectric layer
by patterning and seléctively removing regions of the
second dielectric layer by a reactive ion etch, stopping on
the patterned second silicon nitride sacrificial layer,
while exposing portions of underlying first silicon nitride
sacrificial layer;

(g) changing plasma etching chemistry to etch through
exposed regions of the underlying second silicon nitride
sacrificial layer, and while continuing to pattern the
first diglectric layer forming vertical regions of the
inductors by reactive ion etching, stopping on the
patterned first silicon nitride sacrificial layer:;

(h) selectively wet etching away the underlying patterned

first and second silicon nitride sacrificial layers,
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silicate glass, PECVD with silane for Si02, carbon-rich silicate glass,
porous | ow K pol yner deposition, in a thickness range from 2,009 SQHHPQQQP
Angstrons deposited by chem cal vapor deposition or spun-on. 13. The
~nmethod of claim9, wherein said sacrificial layers of first and second
silicon nitride are conprised of SiNin a thickness range from 200 to 800
Angstrons deposited by plasma enhanced chem cal vapor deposition. 14. The
met hod of claim9, wherein said underlying first and second sacrificial

silicon njtri.de layers, are selectively wet etched away form pg both
Verti cal TOTERAS BORRA B FIB AT Th AT SRR GRABRS] PR ERRPThSUI ati ng

| ayers b %ggnggllomﬁng hi ghly sel ective wet etching nethod conprised of
hot phosphioric-acid in a tenperature range of from 160 to 200 C. 15. The

het hod oniglaggbgsiﬂﬁﬁﬁfggigaé ﬁggnggrrﬂgywja%%rlaxggih sel ected fromthe
group consisting of TiN, TiSiN, TaN, TaNs, (M2N and N), NoN, or TAN.,
deposi t etbdih velr@tiicall aperindbposid iMsxidontall khakneis bangongeisom 20 to
200 Angstrons. 16. The nethod of claim9, wherein said copper seed |ayer
i’ s conpriigedhef fdygpenndepecrrddiglentoric laypas ,2py2asonie 2gpsr -
deposition, thickness range from 20 to 200 Angstrons, with

deposition;

(J) depositing said copper seed layer overlying said

copper barrier layer, by atomic layver deposition, thus

coating the surface of trench and channel or tunnel with

said'copper barrier layer and said copper seed layer, in

the fabrication of interconnects and inductors.

10. The method of claim 9, wherein said substrate
includes a semiconductor substrate or silicon oxide
substrate with semiconductor device structures comprising

gate electrodes and source/drain regions.

1l. The method of claim 9, wherein said substrate
includes a semiconductor substrate with semiconductor
device structures comprising gate electrodes, source/drain

regions and multiple levels of metal interconnections.

12, The method of claim 9, wherein said first and
second dielectric layers are low dielectric constant
material or materials comprising PECVD, plasma enhanced
chemical vapor deposition of TEQOS, tetraethoxysilane

deposition with 03, halogenated $i0, FSG, fluorinated
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atom c | ayer deposition conditions of: approximate tenperature range from
200 to 300 C, pressure range from10 to 200mTorr, deposition ratg 5qmgjgm05
fromO0.01 to 0.05 nm per cycle, and pulse tinme varying fromO0.0

seconds. 17. A nethod of form ng trench and channel, or tunnel openings
and then coating the surface of trench and channel or tunnel openings with
a copper barrier |layer and a copper seed layer, filling the .tunnel
openings by electroless plating of copper, in the fabrication of

i nterconnects and inductors, conprising the follow ng steps: (a) providing
‘an i nsul stligpteydraseve PEEVRgwathubsiane efor ($)0A ocairhgnarpahkt erned first
silicon n|tr|de sacrificial Ilayer, for subsequent channel formation, over
the firstilisatR &4asF | &‘;‘PéPus( (]:)’WpFoBP%I}”H@r 2RIl édt @ ¢ | ayer

overlying s attern iLi r de sacrlf ci al. d
f or i %g ghpglf eesrgrale(fngec%% TS| I’bgg L:ﬁ ?g Qéz& TS SR8k tre%ygé'r Eh)e
first dlggémgééi:Jépgy'd %gglgggglgg gpﬁﬁcgﬂd dlelectrlc | ayer over said
patterned second silicon nitride and planarizing the second dielectric
| ayer by chem cal nechanical polishing; (f) formng via openings in the
second dielectric layer by patterning and sel ectively renoving regions of
the second di®! ecihed mdtyper olfy ciaimadl | wherein edadyy stopping on the
second silicon nitride sacrificial layer, while 28

sacrificial layers of first and second silicon nitride are

comprised of SiN in a thickness range from 200 to 800

Angstroms deposited by plasma enhanced chemical vapor

deposition.

1l4. The method of claim 9, wherein said
underlying first and second sacrificial silicon nitride’
layers, are selectively wet etched away forming
both vertical channels and horizontal channels or tunnels
in the insulating layers by the following highly selective
" wet etching method comprised of hot phosphoric acid in a

temperature range of from 160 to 200 °C.

15. The method of claim 9%, wherein said copper
‘barrier layer is selécted from the group consisting of TiN,
‘TiSiN, TaN, TaN,, {(Mo,N and MbN); NbN, or WN,, deposited by
atomic layer deposition, to a thickness ranging from 20 to

200 Angstroms.

16. The method of claim 9, wherein said copper seed

layer is comprised of copper deposited by atomic layer
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2 5 JUL 2005 exposing portions of the underlying first silicon nitride
sacrificial layer; (g) changing plasma etching chemstry to etch?tfhrliol005
. exposed regions of the underlying second silicon nitride sacrificial

| ayer, and while continuing to pattern the first dielectric |ayer formng
vertical regions of the inductors by reactive ion etching, stopping on the
first silicon nitride sacrificial |l|ayer; (h) selectively wet etching away
the underlying first and second silicon nitride sacrificial |ayers,
formng both top "and bottom horizontal channel or tunnel openings; (i)
deposi t i fgpesboterom Bopparessareinge Faywr 20f f¢ s200 Payrgs teromscoatiithg bot h
vertical channels and horizontal channels or tunnels in the first and
second drEPBEE riavey ArResitipracentdtiaper ofiepPEIHH2YY ) depositing said
copper seed |ayer overlying said bottomcopper barrier |ayer, by atomc

| ayer dep®EPEFIHITE FFtIH %ﬂﬁﬁﬁ@eth39PeﬁbhE%ﬁf%ﬂ%&nﬁéPgSrffﬂﬁni? openi ngs
wth said b om copper barrier layer and said copper see | ayer; (k)
per f or ni kg %@@‘ET?’B‘F COPPE® FRAE ﬁ@ngbﬁﬁegr%‘ﬁ LR t‘i:d)p%é-’r "Teed | ayer

(o) 0 PR IR Oy AL 0 3 1y YRR, cOPPr

17. A method of forming trench and channel, or tunnel

openings and then coating the surface of trench and channel

or tunnel openings with a copper barrier layer and a copper

seed layer, filling the tunnel openings by electroless

plating of copper, in the fabrication of interconnects and

inductors, comprising the following steps:

{a) providing an insulating layer overlying a substrate;

{b) forming a patterned first silicon nitride sacrificial

layer, for subsequent channel formation, over the first

insulating layer;

(c) providing a first dielectric layer overlying said

patterned first silicon nitride sacrificial layer;

{d) forming a patterned second silicon nitride

sacrificial layer over the first dielectric layer;

(e) forming a second dielectric layer over said pa£terned

second silicon nitride and planarizing the second

dielectric layer by chemical mechanical polishing;

{(f) forming via openings in the second dielectric layer

by patterning and selectively removing regions of the

second dielectric layer by a reactive ion etch, stopping on

the second silicon nitride sacrificial layer, while
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t he excess copper by chemical nechanical polishing; 29 2 5 JUL 2005 (m
depositing a top bl anket copper barrier |ayer, second barrier, tRaus JUL 2005
conpleting the fabrication of inlaid copper interconnects and inductors.
18. The method of claim 17, wherein nmultilevel inlaid copper interconnects
~and inductors are fabricated by repeating steps (b) through (m. 19. The
met hod of claim 17, wherein said substrate includes a sem-conductor
substrate or silicon oxide substrate with sem conductor device structures

conprisin ate el ectrodes d source/drain.regions. 20._ The. nethod of
orarm 17 S4prarns,PeEFiERtRs e Widrkiydod BiEEY BieR p R ace w th
senicondgg&ggf-g§¥?c§ €é£uctures conprising gate el ectrodes, source/drain
regi ons an nuﬁtlp e Tevel s of netal interconnections. 21. The method of

claim17,(gdhee8hfgsabdpiismd SkhimfoRGiditeveebl bechayRtsughe | ow
dielectric constant material or materials conprising PECVD, plasm
enhanced explesidc akgiapsr ofiefdos i inder finBECG8cohet sakihonysitaide deposition
with 03, halogenated SiO FSG fluorinated silicate glass, PECVD with

si l ane f acgig2ciadr baveri cand $ihilsteenfliaydngp&eronstEenn KEp| yner
depositiaon, in a _thickness range from 2,000 to 10,000 Angstrons deposited
by chenitddst 8561eqERLEI 12%% or spun- on.

forming vertical regions of the inductors.by reactive ion
etching, stopping on the first silicon nitride sacrificial
1ayer;

(h) selectively wet etching away the underlying first and
second silicon nitride sacrificial layers, forming both top
and bottom horizontal channel or tunnel openings;

(i} depositing a bottom copper barrier layer, first
barrier, coating both vertical channels and horizontal
channels or tunnels in the first and second dielectric
layers, by atomic layer deposition;

(J) depositing said copper seed layer overlying said
bottom copper barrier layer, by atomic layer deposition,
ceating surface of trench and channel or tunnel openings
with said bottom copper barrier layer and said copper seed
layer;

.(k) performing electroless copper plating copper on said
copper seed layer filling trench and channel or tunnel
openings with an excess of copper;

(i) removing said excess of cdpper and planarizing back

the excess copper by chemical mechanical polishing;
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30 2 5 JUL 2005 22. The nethod of claim 17, wherein said sacrificial

|l ayers of first and second silicon nitride are conprised of SiN2i%h WL 2005
t hi ckness range from 200 to 800 Angstrons deposited by plasnma enhanced
chem cal vapor deposition. 23. The nethod of claim 17, wherein said
under |l ying first and second sacrificial silicon nitride | ayers, are
selectively wet etched away form ng both vertical channels and horizontal
channels or tunnels in the insulating | ayers by the follow ng highly

| ect t t chi et d of hot 0 oric acid in a
Erer ool BB Ao TR, 008 BEIBERS oo s GRRURLEE 86, v
sai d bot twﬁ%@erth%r E%%J.L@Xﬁ& L Sé%&%k 0 {?ﬁ(%&%&%ogg%s' sting of

TiN, TiSiN, TaN, TaNs eposi y atomc
| ayer ckxxﬁﬁéﬁdahnebmsaahalgkaegﬁorganglng from20 to 200 Angstronms. 25. The
met hod of claim 17, wherein said copper seed |ayer overlying the bottom
copper barrier layer, is conprised of copper deposited by atom c | ayer
deposition, thickness range from20 to 200 Angstronms, with atom c | ayer
deposi tion Coﬂ(ﬁ.t i g.'#g Bﬁthgd. of claim_17, wherein multilevel inlaid

copper interconnects and inductors are fabricated by

repeating steps (b) through (m).

19. The method of claim 17, wherein said substrate
includes a semiconductor substrate or silicon oxide
substrate with semiconductor device structures comprising

gate electrodes and source/drain regions.

20. 'The method of claim 17, wherein said substrate
includes a semiconductor substrate with semiconductor
device structures comprising gate electrodes, source/drain

regions and multiple levels of metal interconnections.

21. The method of claim 17, wherein said first and
"second dielectric layers are low dielectric constant
~material or materials éomprising PECVD, plasma enhanced
chemical vapor deposition of TEQOS, tetraethoxysilane

. deposition with O3, halogenated 8i0, F35G, fluorinated
silicate glass, PECVD with silane for SiO,, carbon-rich
silicate glass, porous low-K polymer deposition, in a
thickness range from 2,000 to 10,000 Angstroms deposited by

chemical wvapor deposition or spun-on.
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2 5 JUL 2005 approximte tenperature range from 200 to 300 C, pressure
range from 10 to 200niTorr, deposition rate ranging fromO0.01 to @. DYHMEES
cycle, and pulse tinme varying fromO0.05 to 0.5 seconds. 26. The net hod of
claim 17, wherein said electroless plated copper on the copper seed |ayer,
filling channel or tunnel openings with an excess of copper, conprising
the follow ng deposition conditions: a liquid plating bath m xture
conprising Cus, HF, HO and CH20 with heat in a tenperature range from
25 to 65 C, yielding a copper plating thickness ranging from2,000 to

10, 000 Angstronms. 27. The nethod of claim 17, wherein said excess copper

is planarizedzbackply fbeRL&3LE NEChAN A iddeShi R qa formng inlaid copper
i nterconnect wiring and i nductors. 28.  The nmethod of claim 17, wherein said
top bl ankeicri®appal hagerserof aff¥st OO Hbdmld isdlicorenliytriget &£e CcOpper,

I's conprised of SiN deposited by PECVD, plasma-enhanced chem cal vapor
deposi t'i cempirdsad bfcRa¥sEnr anghickieom20ie fro80200nget BOAE. 32 :

Angstroms deposited by plasma enhanced chemical wvapor

deposition.

23. The method of claim 17, wherein said
underlying first and second sacrificial silicon nitride
layers, are selectively wet etched away forming
both vertical channels agd horizontal channels or tunnels
in-the insulating layers by the following highly selective .
wet etching method comprised of hot phosphoric acid in a

temperature range of from 160 to 200 °C.

24. The method of claim 17, wherein said
Bottom copper barrier layer is selected from the group
consisting of TiN, TiSiN, TaN, TaN,., {(Mo,N and MoN), NbN, or
WN,, deposited by atomic layer depositipn,-in a thickness

ranging from 20 to 200 Angstroms.

25, The method of claim 17, wherein said copper seed
layer overlying the bottom copper barrier layer, is
comprised of copper deposited by atomic layer deposition,
thickness range from 20 to 200'Angstroms, with atomic layer

deposition conditions of:
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25 JUL 2005

_approximate temperature range from 200 to 300 °C, pressure
range from 10 to 200mTorr,
depositibn rate ranging from 0.01 to 0.05 nm per cycle,

and pulse time varying from 0.05 to 0.5 seconds.

26. The method of claim 17, wherein said electroless
plated copper on the copper seed layer, filling channel or
tunnel openings with an excess of copper, comprising the
following deposition conditions: a liquid plating bath
mixture comprising CuS0O,, HF, HCl and CH;0 with heat in a
temperature range from 25 to 65 °C, yielding a copper

plating thickness ranging from 2,000 to 10,000 Angstroms.

27. The method of claim 17, wherein said excess copper
is planarized back by chemical mechanical polishing,

forming inlaid copper interconnect wiring and inductors.

28, The method of claim 17, wherein said top blanket
copper barrier layer, second barrier, overlying the copper,
is comprised of SiN deposited by PECVD, plasma-enhanced
chemical vapor deposition, in a thickness ranging from 200

.to-800 Angstroms.
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