; e3ed~dp6* T~oNA METHOD OF FORM NG A SURFACE COATI NG LAYER W THI N AN OPENI NG
W THI N A BODY BY ATOM C LAYER DEPCSI TI ON RELATED PATENT APPLI CATIONS: THI S
APPLI CATION | S RELATED TO DOCKET # CSOL-126, FILING DATE SERI AL NO.

ASSI GNED TO A COMMON ASSI GNEE. BACKGROUND OF THE | NVENTION (1) FIELD OF THE
| NVENTI ON Thi s invention relates to a nethod of fabricating nmultilevel

i nterconnected vertical channels and horizontal channels or tunnels, for
applications in both integrated circuits and bio-sensors, form ng copper

i nterconnects and i nductors by atom c | ayer deposition, ALD, of a copper

barri er | aygruibes YW YordASE: h2%Bkenl t] nnel s and

hori zontal channel s or tunnels.. %%FBE%C%;W%I %ﬁ‘%%ﬂ OFENENG
section a descripti onwefrie! 2tshPTaP AR DIGKFEOH s follows. US.
Pat. No. 6,225,221 Bl entitled "Method to Depo??t aﬁg8§§%?8§eed Layer for
Dual Damascene |Interconnects” granted May 1, 2001 to Ho et al. describes a

nmet hod of depositing a copper seed |ayer in the manufacture of an
integrated circuit device. RHATEhRHATEITeAFPICATIONERLI n and conformal for

-1 subse t ess_plating of copper. A dielectric |layer is
patterned to oP%%gﬁééggRH Fgeﬁ%ﬁki£?cF° &%ﬁﬁ%ﬂﬁmﬁﬂ01déﬁésc€ﬁéING DATE
i nterconnects. A bar gi r of tantal titanium or tungsten is
deposi ted overtyrng ?Egiﬁ#2¥§b+++f%4ﬁﬁﬁﬂl#3§qb e gthgyMQHdAﬁﬁéﬁ%ﬁ%s. A
copper seed:-|layer is deposited overlying the barrier |layer by the reaction
of CuF2 vapor with the barrier layer. U S. Pat. No. 6,284,646 Bl entitled
"Met hod of Form ng Snoot h Caxtrarorplayenrssf exnveRregiated Circuit Devi ces”
granted Sep. 4, 2001 to Leem describes a nethod for formng a netal |ayer
for an integrated circuit de)cEIEnm|er e arvvENrIoN | st conductive | ayer
on an integrated circuit substrate. Wiile formng the first conductive
| ayer, a refl ecThéf Lpvextben t¥rlitesitaendethiode ofagebriaagnit or ed, and
t he fornatioE o; thf first conductive layer is term nated Wen the;
refl ecti on®PAka%te8rlt FREPFERRNRGRA Gt9ntd qady shanpgdheend heorilstmtad ned
val ue. The LI onductive | ayer can _be an al um num | ayer having a
t hi ckness F%gﬁﬁélgaﬁgeg%ﬁné%ﬁﬂ(é%ﬁnﬂﬁﬂﬁ}9§ﬁ}9Rﬁg§PrBﬁﬁht%nESEBahmgstrons.
U S Pat. N9r=fi249 ' d 2 )lnt.egrated | nducti ve Conponents and
Met hod of Fabr?éggi%gégﬁgér%éﬁéﬁﬁﬁ;nigﬂ%gi ntedETun P8 CoHRICTD I vey et
al . teachein8ucfors By hogomic falyfd:CAd ﬂt&@ﬂ?tgiﬁ CQEPENENLS. LN Whi ch

u

there is built up thin filnms in trenches. An i'nducfive co ent includes a
substrate barriherslajacecard odpradtr ished 1AWRk,i RAULALI PO EAYET HAMAG L

shal I ow concavity or trench, a first plurality of conductive elenents
forned i n #R€ herheental mhpmadls cor cuboedsd over the first plurality of
conductive elenents, and a second plurality of conductive el enents forned
over the core. The first and second pluralities of conductive el enents are
connected to each other so.as_to forman inductive coil around the core.
First and second core insd@itPEﬁcﬁﬁggFgNa?E RELBER ARt ween the core and
the first

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 Interconnects” 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




and second pluralities of conductive elenents, respectively. The conponent
is fabricated by a nethod in which it is built up in the trench using thin
filmtechniques. U S. Pat. No. 6,187,647 Bl entitled "Method of
Manuf acturi ng Lateral High-Q Inductor for Sem conductor Devices" granted
Feb. 13, 2001 to Chu teaches a nethod of form ng an inductor for a
sem conduct or device conprises the steps of formng the bottomlegs on a
first substrate; depositing a second substrate |ayer over the first
substrate; formng the pair of side | egs for each |oop through the second
substrate | ayer; ag@i formn op Iegs connecting pairs of side |egs

e

t
ext endi ng 7O S0 HEe R SGSECIRFFBL2tTNE o8 corpeny & FHrdwditig La¥esi de
| egs inclu ] ai.r_of vias_through the second substrate |ayer to
t he bottom eégsa?’rﬂagr%% eﬁg’s%Ef’FﬁgwsL?ﬁea?%gsr ChHL %‘a?&aﬂ?@dsldé‘ﬁlof f or mi ng
the top Iegﬁﬁﬁ&f@%&_&%hﬂ@éﬁst%%ﬂﬂ:&f dEetuesn e pairs of
vias respectively communicating Wth the adj acent bottomTeégs, and
deposi ti ng tidadiegs ot thageBannekSdepelsi tddNSd My ihf t3eRs 8b k5 Ng the
side and top | egs are perforned concurrently. U.S™ Pat. No. 6,305,314 B
entitled " Asyeratues ling¢ Cbacephsf and Mrémiesng Pataidr GodaeTagak Yapor
Deposition During Atom c Layer Deposition" granted Cct. 23, 2001 to Sneh et
al . t eachesiePafdt oxraglippar fhesbavrier olaen hyo ttenineaictdienobel ChEs
deposited in | ayered depositions,_such as Atom c Layer Deposition (ALD) and
ot her sequ@ﬁﬁ%ﬁ/w i*85| PREFLPT dLPBeT ti on (CVD) processes. The CVD
deposited contam nation of ALD filnms is prevented by use of a prereaction
chanber that effectively causes otherw secontam nati ng gaseous constituents
to deposit on I e%enenhé of -giéivery apparatus prior to entering the
ALD chanber. SUMVRRY-&F-TRE: | teRP 1B jfrtidaceYe ef Eprmhrdpresent
- invention to provide an inproved nethod of formng nultilevel
'interconneé?%ﬁ?ﬁﬁeFPPE&Ft&HSnﬁ%¥§r%nﬁ°¥mﬁ4Eﬂﬁﬁ%ﬂeﬁﬂﬁ%ﬂﬂﬂ#§ Beviges”t unnel s.
The net hod has broad applications in both integrated circuits and
bi 0- sensor §rantech&epi-efd 3P05ehe cheruciencribey o aterthost ifng Formingpper
i nterconnects and inductors, and in the field of bio-sensors, for
appl i cati ofretiad fa¥ekofant Apnintegrated orizvwirto-deslien g nkbadndgasormihgui d
separation, and gas/liquid chromatography, and simlar capillary separation
t echni ques .a Eirsltecrodectioe Iayer osdluni Gintdyecd ed reuieUstinapphieat i ons,
speci al techniques are described to deposit by atom c |ayer deposition,
AZD, a coppeuileafbiraingayRe ADss6eeshdwvdive falyesubgeguent ek 8at EQLESS
copper plating, filling trench and channel or tunnel openings, in a type of

danascene_mﬁDQQESfEQsEOEBh&@e@ﬁ$eiIEf&ﬁQﬂ?%ﬁh&ﬁ@%éd,”gﬂﬁt?ﬂ?-f@&ﬂé?fgés
flow outlining the nethod of the present invention i's as follows, for

i nt er connegles taad £l BAUCEQAGuctive 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



(1) Formation of trenches and channels by using a sacrificial silicon
nitride |layer (2) Atom c |ayer deposition of a copper barrier |ayer and
copper seed layer in the trenches and channel, (3) Electrol ess deposition
of copper upon seed | ayer, (4) Chem cal nechanical polishing back of excess
copper, (5) Barrier deposition, SiN, to seal the copper openings in formng
copper interconnects and inductors. Key to the nethod of the present

i nvention, is the -5 use of a sacrificial silicon nitride layer to form
trenches and channels. Also, key is the deposition by atom c | ayer

deposit 0N ylexde 8RPRLLRAELE Phg | AYRICAINE COBREIIRRT L AYRL cpl RhegUbEauENt
el ectrol ess copper plating In 2 damescene ‘%%% process, MAFH trench and
channel or el openings, The epd result js .t fabrication of inlaid
copper inté%%gﬁhggtgﬁéﬁdg%%ﬁﬁc %rg?eﬁ$u%?TAV%ﬂfﬁ Y& FEERLGRHari zed
above and desqgribed with reference to the preferred enmhodi nents. Some
processinglﬁﬁﬁﬁpg§ RaFBCBEERATONTE t BRP aTHFEASe Afuatchodshe LRBEE skilled in
the art. More details_of this invention are stated in the "DESCRI PTI ON OF
THE PREFERRESUERSCOPVERYST BR¥iRgr Hr B DESORAYHIENOEF EYREChRAW NGS The
"obj ect and other advantages of this invention are best described in the
preferred &HEGY PRNESLWY hof ererdnctive edrmentisadrathedr 4ni the thetchncl ude:
Figs. 1A - 1C, which in cross-sectional representation illustrate the first
part of th& megnedicf cohe Permedtovew erhe o rstn Plivirall ikgr bifc abndihasiwad
hori zontal channels are being forned -6

elements, and a second plurality 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 component is fabricated by a method in which it is built

up in the trench using thin f£ilm 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




Figs. 2A - 28, illustrate in part the nethod of the present invention, in
whi ch vertical trenches and horizontal channels are fornmed. Figs. 3A - 3C
which in three-di nensional representation illustrate the atonic |ayer
deposition of copper, that fills in the vertical trenches and horizontal
channel s, and excess copper is chem cal nechanically polished back and

pl anari zed. Then, this is followed by using a standard single copper
damascene process, and thus, form ng the top channel region for the copper
i nductor. Fig. 4A - 4C, mhich in a cross-sectional side-view projected

mages |1 strate one enbodi nents of ¢ sent invention, in
whi oh Vert (5P CPORERTAARE FBFI 35 ?a E%Mrfh%lr“gf% FRTPRE) 2 PREFL Sheous! y
and 111 ed o LIEGLOhCtReSR8hE! O 0L SOPPElyed 105 thtf\bo e R WALEN |1
cross-sectional représentation | u fes ye ano er enbo At26f the

present i nvapy ikposd tRhgnahidapiegh §ﬁre&9é W fas CORR Sl of fer&n@ﬂg gh&r 0
channel , have many applications, sone of Wich are outsSide of the

Semi conductm;rp lUediss pirefekuplybinvhiss | formigide dHareR1dbaRReEanghesket ch
il lustrates anot her enbodi nent of the present invention, _ 7 whereby a

| ong spi r alpadrsc lednvaleshegkesrer$ifel wedomiNin dn thiasy verth ampladaacens sone
of which are outside of the Sem conductor |ndustry. DESCRI PTI ON OF THE
PREFERRED EIHUOMVERTS - TRBdpAeResl ting cher okedre st i thes chenngdsoved net hod of

form ng multjl.evel terconnected v i cal channel s and
9 Addltlonafi %e steps og %orm;ng the side and top legs are

performed concurrently.

U.S. Pat. No. 6,305,314 Bl entitled “Apﬁaratus and
Concept for Minimizing 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 Deposition (ALD) and other sequential

.'chemical vapor deposition (CVD) processes. The CVD deposited
contamination of ALD films is prevented by use of a pre-
reaction chamber that effectively causes otherwise-
contaminating gasecus constituents to 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




hori zontal channels or tunnels. The new and i nproved net hod has broad
applications in both integrated circuits and bio sensors: in the field of
sem conductors, for fabricating both copper interconnects and inductors,
and in the field of biosensors, for applications in the formation of mni-
or m crocolums for gas or liquid separation, gas/liquid chromatography,
and simlar capillary separation techni ques. Furthernore, for sem conductor
integrated circuit applications, special techniques are described to
deposit by atomic |ayer deposition, ALD, a copper barrier layer and seed

channel o ARG oRBR RGE R s (D RR e FaRE=pFBeBEEPt 5 FOFH E¥bper
| nter connoths.a0d, BUACKED Seedb BEPESSP dHPU ot Ll LBRARELDEY, Ofod e

present invention is as I nterconnects a uctors

Formation @hnbhienehRs B8HehC Sidle Mk sSand finaudtosk| i gRa Dhtride

| ayer g_ (2) Atomc |ayer deposition of a copper barrier fayer and
copper seedhkeaygelidnef Bib+eacdess Antb:c happldlcatidhsELiacthal £6smaepasi ti on
of copper upon seed | ayer, (4) Chem cal nechanical polishing back of excess
copper, (5pfBminier odepbsroronluBid £410 gagalont Hdgudgperprapahbigns amdf or mi ng
copper interconnects and inductors. Key to the nethod_of the present

i nventi on, QQ§/ﬂH§“&§e05F°@@§%%¥$E#E4eﬁn@nﬁ%Wﬁ%?qmcﬁpF&éaFXyE?PFEaFEﬁ¥n
trenches and hannel s.

k the d b
deposi 11 on ERELaIBPor FREFRPEP Ty cFom AP SRed LP Ay arated, & éﬁ%‘é’eﬁuent

| t | t | t t
Channel o SpEARERkBhE, DHebinf CAMMELANS (WP UAedhan thl HobBERE HoNC
fggfg;eln tn; {%Irtoggaaei@eandebagyewﬁs AT 9% Ad%apezlsarmbghlwesr Q88- s&&4i onal

~ 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, 8iN, to seal the copper openings in

forming copper interconnects and inductors.

Key to the method of the present invention, is the



illustrate the first part of the method of the present invention, in Which
vertical trenches and horizontal channels are being fornmed. Referring to
Fig. |A) which in cross-sectional representation illustrates the first part
of the method of the present invention, nanmely, providing a silicon
Substrate -9 10 and the form ng of an insulating |ayer, thin, 12 over the
silicon substrate 10. The next process step is the formng of a patterned
first silicon nitride sacrificial l|ayer 14, for subsequent channel
formation, over the thin first insulating |layer 12. Mre specifically, the
sem conductor substrate.l10 includes one or re layers of insulatjng

mat eri al andlor cgng'ﬁgﬁl%écﬁﬁgeﬁ 'T‘c%?\omo‘ffélr%’ iﬂ?’r%r & T8 FIPBFPBES s ve
devi ces, f QPCHahn@h sOVRLbNCKSYPELT BhE allod NG df KG 201005 0L MOr €

i nt erconnect structures, such as: Vvias, comtacts, trenéhes. —netar Wi ring
and the |ikRpd¥ationaBel BSHbBbEPILARYLEr 1dYdb ahs Dfpler! REed! HLGAD,
substrate 10, is forned. Key to the present invention'is the forimng of a
~ patterned fiarstsudiskeiqguentneletteosass i foppat plEingldn Ehaambsceiedeype
subsequent channel formation. The patterned first silicon nitride

sacri fi ci alPdosgss 1 ¥iths tienghdanderhadmel hhm thinrstl iopewnliatisngThayend| 2.
Referring to Fi_g. 18, which in cross-sectional representation illustrates
the next pHISUHC fife thet AzBrdrathen prestmaidiaantes inteysopnegksvading a
first dielecg#iqzlayer, thick, 16 overlying the patterned first silicon
nitride sactTiCi°A | ayer 14, by deposition. Then, planarizing the first
dielectric layer, thick, 16 by chem cal nechani cal polishing, as shown in
Fig. 1B, which depicts a snooth, flat planar surface for the first
dielectric |ayernilshiabent®on-#ls b&EE S idld-itR2d 'ag:ovLCanﬁhthc!rﬂbed
cross-sectional representation illustrates another key part or the nethod
‘of the presdh iretertnes, toatReypréBEiiey HloBRUNYRIS sehe( prbousyihg t he
- first dielectric layer, thick, 16, by patterning and sel ectively renpving
vertical ragiteddsohaveebeensomilttédcand cataysrdendtionld by thoseagkiVBedon
etch, stopping_on the silicon nitride sacrificial |ayer 14. This process

i sol ates ré@ e 2gF16¥ose fabails sef diidcinventippearet sitekked] fnahbe

exposes por.| e underlying silicon nitride sacrificial |ayer 14.
e Coa oo ot "FE MhRfeiten SBmdD it Seesinn - nvent s on. i n
whi ch vertical trenches and horizontal channels are forned. Referring to
Fig. 2A, which in cross-sectional representation illustrates a key part of

the method of the presenTBR&Eif'eBEEEﬁIp@ft?ﬁWF tHE SAGHiNdLi al |ayer of
silicon nitride is now wet etched away form ng horizontal channels 24

(arrow). Furthemtier ebjbytSgh@ChiNet Yad®int@igdy R away LheeHBASA! X180
sacrificial silicon nitride layer, there is now formed both verti cal
channel s 2%emtd desciribatainchbanetefdrad drbuvmenits wWhehf reSbréhebeesdric

| ayer, thick, 16, as shown in Fig. 2B. -11 Referring to Fig. 2B, which in
t hr ee -di nefdeopitackpiedeavingonthat ybneladss: the final part of forning
vertical channels, and horizontal channels, and is the direct result of the
prior processing steps. Notice, the isolation of a region of the first
dielectric layer,. thick, 20 (1 after the underlying sacrificial silicon
nitride |ayer i?i gﬁngéd. e é%%ﬁ%u*?n?ﬁﬁs%iﬁ%é%l A5f *PRESFPRERTUPRI ectric

ayer N lig28:018) nbe2hOMLG L CSPLAN Mo MUl 15,6A0600LEH somewher e

in the background, out of view the sket region. e formation
of both verhveatiehanng! shieh ansh P47 OA LRABRELS 02459T chaﬂﬂéif dfethe

first dielectric layer, thick, , as shown in the three di nensiona
renderi ng, being formed. ' _



Fig. 2B. | Figs. 3A - 3C, which in three-dinensional representation
illustrate the atom c | ayer deposition of copper, that fills in the
vertical trenches and horizontal channels, and excess copper is chem cal
mechani cal |y polished back and pl anarized. Then, this is followed by using
a standard single copper danmascene process, and thus, formng the top
channel region for the copper inductor. Referring to Fig. 3A, which in
three di nensional representation illustrates the form ng of both a copper
barrier layer and a copper seed layer in the vertical channels, and bottom
hori zontal channels. EiLrstlLy, a,copper barrier |ayer 32 _and copper seed

| ayer 32 (too thr}ﬁﬁst‘ogkli Eg%é?‘iﬁ?‘%ﬁ%ﬁ‘u 1’%%’36%@}3%“%2?,% EF‘E deposi t ed
respectivel i r PR L O AL d.surfaces, as
crudely ské%gﬁﬁﬁﬁ%%E?%gkﬁﬁgéeggiﬁg%é#oﬁaf reﬁhg¥ﬁﬁﬁﬁﬁ%§g&ggigrthgg??ng to
Fig. 3B, Widrdnrdlst Rree rdi-ikeRASI Onal representation illustrates the second
set of steps in nethod of the present invention; the electroless deposition
of copper 34, -over the seed and the copper barrier layers 32 form ng excess
copper on the surface. The thick copper layer 34 dips into the trench,
channel and tun®digsop@Ai ng8C, Thehpeht bul thwredk-diopperiabadosi tion is
approximately from 2,000 to_10, 000 Angstrons in thickness. Referring again
to Fig. 3BTSRHSSeNtRtiRRedlirfEnatenthe raperie kanaodaposidiont ef t he

| anari zation of t Xce materjal in fhe trench, channel and tunnel
gpenings c Ifafes E%ago%ﬁiiﬁnﬂﬁcF*ﬁgv?Fﬁ%ﬁ%&nﬁﬁﬁﬂchﬁﬁﬂﬁﬁi hgreigopkpdi d

copver | SalimaGe el ACEage Mobter [ GBIl gef 1L B

r ac Ct %
.copper Iayer I'S po anari zed, along w arrréer and

copper - seedddy Ynd3p1aRureRedl CaheRBChR CAl AOTRRL PWP)si )i § cOnpl etes
the process for form ng copper interconnects and the vértical region of the
i nduct or. -skhnddRef efihigle tepbef. datas¥éns pidbddy candi BRE, Ofdkning

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 simultaneously 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,



representation illustrates the final steps in the nethod of the present
invention. After the above step, a barrier |layer (32) conprising a 500
Angstronms thick |layer of SiNis deposited by PECVD, plasna-enhanced

chem cal vapor deposition. Next, a second IIll, 36 (16), interlevel netal
dielectric layer from4,000 to 6,000 Angstrons thick is deposited by PECVD;
pl asma- enhanced chem cal vapor deposition. This second Ill layer 36, is

simlar to the first IMD layer 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 cqpper 39, chemi cal nechanjcal polished back,
simlar to 9T gliasﬁ‘f’%& BE&Eaﬂg’fc prnel theldx (i faspedegwhachf helie

copper ind _ I this pat terni and et ching he top region of
111 is pe’r;or %ﬁ’%&rj‘%g%égpﬁé fglﬂgr%%i%lﬁlnl? Fhe Th eoP%é"E‘eusi ng a
standard simlie;d;mgngngﬁggg§§. The above processing steps can be
repeated to produce nmulti-level nmetal wiring and inductor |ayers. A sumrary

of the sequence of processing steps to produce interconnects and inductors
is as follows: (a) starting with an insulating |ayer, thin, overlying a
substrate; -14 (b) PBSORIPTIONAE erHR PREFERRED EMBODIMENTEde sacrifici al
| ayer, for subsequent channel formation, over the first insulating |ayer;
(c) providing aTher Pregeeteénvertiopcfeserikaes |40 imprervierd mgthhd patter ned
first silicon nitride sacrificial layer; (d) formng a patterned second
silicon ni %nga&“ﬁr‘—il&raéﬂeh IPEProvRRetiRd fYqertiqnle chemned s| apdr, thi ck
IMD; (e) f s econd dielectric layer, thin IMD, .over the , patterned
second si | ?%O?ﬁg%f%alidgggﬁ E%Faﬂﬁr{é%?lﬁ%f%heméee&ﬁ?ﬁ ik Amprered method hin

| MD, by cheyg C hG Lshing: f. j V. nin in_the
second di el eéﬁtC %rg I aegrgigtéhrﬂg#%m bng;P %}gt%%é%{\ggg%mf l%é:l%g% i \a/‘gﬁyi’%grmvi ng
regi ons of ddi@cseGoad @h&'Qﬁélacofayéﬁicéﬂﬁﬂbﬂdﬂs, @brafEQQQEE%gngoﬂo@ﬁCh’
stopping on the second silicon nitride sacrificial layer, while €xposing
portions ofcapperudidéeirgongettssandi indodtdrd )\ idirl Sachhkl eiahdl a¥ehiolQ)
changing the plasma etching chem stry to etch through the exposed regions
“of the und&emFoE§ . séesnarpiitabhoms tin dehe dirinfattionl odfaydni-and mhcte-
continuing t attern the first dielectric layer, thick IMD formng
vertical r ib’ﬁ'élsofht”hgaﬁnaﬁc%b‘i“b? FRRANA Wi ogasy/didiamgd st oppi ng on the

first silicon nitride sacrificial.]ayer; ( sel ectively Wet etching away

t he under| %?'ﬁé’m’?'}t?gf agﬁ ’s%%%nﬂ*i?%o‘iﬁ‘?ﬁjt%ﬁe seperptiopafterhpiaeest or m ng
both top a orkzan . r.. t.unnel eni_ngs;. -15 (1)

deposi ti ng&gﬁg&%@%gépgé? %%Jﬁ"lger %%IS,J' 1_Ter rtatl?ar el 1&oat | ng both

vertical chapiebatabdshospaensal tehapnalss Urd ‘&@%@ﬁbie% ;::Bed %Eéitﬁ%@a

second dielectric layers, by atom c |ayer deposition,; depositi

copper seedtomier layer| iepgsiteo pIEy, harddjerd dhekdiecky 184881 SnhaysLa
~deposition, coating the surface of trench and channel or tunnel with a
copper bar Aiager|.afer andseqeenperlesmcblanecopper paafanti ngiklesgr ol ess
copper plating copper on the copper seed-layer filling trench and channel
or tunnel &F&RFRgandi EhanRetxeeskunsiel ARaNingsl) inepo¥ivRg bficdemessenaf

copper and planari%ing back the excess copper by
N 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 openigns in

forming copper 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. 1R - 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




10 and the forming of an insulating layer, thin, 12 over the
silicon substrate 10. The next process step is the forming of
a patterned first silicon nitride sacrificial layer 14, for
subsequent channel formation, over the thin first

insulating layer 12. More specifically, the semiconductor
"substrate 10 includes one or more layers of insulating
material 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 layer, 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 pPatterned 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 part of the method of the
pPresent invention, namely, providing a first dielectric
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.
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mechani cal polishing; (m depositing a top bl anket copper barrier |ayer,
second barrier, thus conpleting the fabrication of inlaid copper
i nterconnects and inductors. The foll ow ng specifications axe processing
details and conditions for the main enbodi mrents of the present invention:
The first and second dielectric |ayers are low dielectric constant materi al
or - materials conprising PECVD, plasma enhanced chem cal vapor deposition of
TECS, tetraethoxysilane deposition with 03, halogenated Si O FSG
fluorinated silicate glass, PECYD with silane for Si 02, carbon-rich
silicate gl ass, porous |ow K polyner deposition, -16 in a thickness range
from2,000 to 10,000 Angstrons deposited by CVD, chem cal vapor deposition
~or spun-on. The LEiGi er s, of _1si 11 G AN . nprised of Si N
“in a thickness F%%%%kpkgn?éogfgb %EK)ﬁﬁ%ﬁﬁ:%ﬁ;éﬂgéﬁ%%?FeéggggPECVD, pl asma
enhanced chepredkentakbndepPsitifbes ioridenddy pRreack thel AbtRbai &8N
nitride; are selectively wet etched away formaing both vertical channels
‘and hori zoniha! pelaaenel snventianel Samdl ¢ hefd gt viiag opayehgsby2t he
following highly selective wet etching nethod conprised of hot phosphoric
acid in a t@rpewatude thagbivétfdomldeOrio I2Q@C. thiiekhot Lém bypper barrier
| ayer is conprised of TiN, TiSiN, TaN, TaNx, (MzN and MoN), NoN, or W\,
deposi t ed Bptiesniad apér saLpesivebhn, TereElnthivaGtdsealr argingst PENFR® to 200
Angstrons. 28. The top, bl anket copper barrier |ayer, second barrier,
overl ying fRE S SHENSEEB R oNRYPE CHERICR) N IR A TAAF IS REBVBECH, -
pl asma- enh .cheni.c % posiiion, in.a.thi gk rangi p. from 200
to 800 Anggﬁgﬁﬂggghghcg%Segggé%%SIgiéé%ééhiéékﬁ%ﬁw ggdaggagoggér@g%%osited
by at om c Ipaas%res@e_ag_suhltee,r{e?;skgeﬁé(mn&ef M AAQ S0 34@9 cARGSEr OB, Wwith
atom c | ayér deposition condiiions of: approximate tenperature range from
f200 tg- g(io 1?;@,e&mbg,ramgeaﬁaoakﬁgsé@ PO ofdapes ubhiderlyahg rangi ng
rom O. -

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, namely, 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
fbrmed both vertical channels 22 and horizontal channels 24
or tunnels in the first dielectric layer, thick; 16, as

shown in Fig. 2B.
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to 0.05 nmper cycle, and pulse tinme varying fromO0.05 to 0.5 seconds. The
electroless plated thick copper on the copper seed layers, filling channel
or tunnel openings with an excess of copper, conprising the follow ng
deposition conditions: a liquid plating bath m xture conprising CuS04, HF,
HCl, CHZOwth heat in a tenperature range from25 to 65 C, yielding a
copper plating thickness ranging from 2,000 to 10,000 Angstrons. Fig. 4A -
4C, Wiich in cross-sectional side-view projected inmages, illustrate one of
t he enbodi nents of the present invention in which vertical trenches and

hori t al h f d |y d filled b trol

depos ton of pBRFSFELREr &7 S wj«ﬁ%%ximﬁ%ﬁe. B5aSE AT St renai ﬁﬁzl

proj ect ed iigg% 815 PLGh %iﬁ&'sif %‘f%%ﬁt 18+8o ; !ei: %U@éééfé
n 1 NS 2 fornme

silicon oxi strate 4 ating ayer over si |con

substrate 4@anbexk, Anhal&fifbnSdl | ARMAUIY | d@a?3 sl enboaTBdctNrdLeeh
opening, and | ater "et ched away to formthe ‘bot't om hori zontal channels.

Next, a fi k%t thbi pkifrepestes€indqyetedss. dRATe, edhandsplasashzes Hver the .
thin insulating |layer 42. Next, a second thin dielectric layer 46 is forned
over thin segird PAsthetfhygstgeslectiic ltagmethehiwkih 20S(NE) ayafte
formed in a_trench opening, and |ater etched away, as a sacrificial |ayer,
to forn1théhFOp“ﬁéﬁFgﬁhFals%?%&#&#%ﬁl'ﬁﬂ¥§qQ§'Péﬁﬁééesﬂﬁfﬁar1For§@°v%&cept
it angles f region, of the indyctor erring.to Fig. 4B,

the t
which is a réégﬂif‘ﬁgﬂgfgﬁa? ’b‘?%’r%‘bt%"d ‘?ied§’\ﬁs§\mdfngje€EFéﬂ {1 AEGE
_ |IIustrat|Q5 f atuPS fbr1la£ éh wﬂgkf St%%diﬁ§" gu m&ghagc VI&M/Of
vertical trenc en A ri

T Con it sacr|?|0|al Iayers
et ched aWﬁ%omB%B@Eé‘EH Eﬂeﬁbﬂck uﬂﬁ“(ghﬂ'BfathQS%fs%ﬁE'Qﬁékcﬂé&JeCted

image, side view, illustrates the dielectric formed for channel's and

trenches 4&eg&oﬂepN8EéLOﬂheffétﬁﬁﬁﬁﬁﬂ 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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barrier layer and copper seed |ayer 47 over exposed dielectric surfaces by
ALD. Next, a deposition of a thick copper |ayer 49 over copper seed | ayer
47 by AhD and the CWP, chem cal nechani cal polish back the excess copper to
pl anari ze surface. The vertical trenched forned 491 are shown by arrows and
492 horizontal channels 492 (arrows) are filled by el ectrol ess deposition
of copper 49. A top layer of barrier SiN (493), optional; conpletes the
structure. Figs. 5A -5B, Wiich in cross-sectional representation
illustrates yet another enbodi nent of the present invention, -19 a pl anar
spiral structyre, consistjng of_a lo ].cro-channel 52, have nmany
appl i cati of&® §§He SFEME?%ﬁgﬁgel%ﬁﬁEF%éﬁg?'tﬁﬁ? OEd8dc FEFPRAELERLY. For
exanple, o e i i t rm.cQ r_intercannect.s
inductors,Q§h%%%F%§e%ég%§ ?%ﬁgg%%#ﬁ%th%ﬁgf“?ﬁgﬁgﬁgf 4] ﬁ%ﬁ%uf%?cﬁﬁs or
liquid sepa{satd_raaeux gRELENEA B OLH @ PEYr 1 G iinferGARINah ALY nSERPRRAL | £Dy .
Referring to Fig: 5A this is atop view of a planar spiral structu?e,
consisting3af. a long mcro-channel 52 in an insulating | ayer 50. Referring
to Fig. 5B, this is a cross-sectional representation illustrating the

pl anar spiral structure, shown in Fig. 5A, consisting of a |long _

m cro-channel 52, in a dielectric |ayer 50, depicting a substrate 501, Wth
a thin insul ati R§EPEFERISE? BYer FWbsthighe iBp|thrret diskengionadtric | ayer 50
is formed over thin insulatin Iager 502. A long mcro-channel 52 is forned
t oget her vﬁﬁﬁ?rﬁéﬁn56§ﬁ°Peb'6ﬁgt5ﬂ-?%u?%ﬁwﬁ?°9%ﬁ<§ﬁﬁ R s&epsginremethedh is a
crude three-dinensi ~Sketch, .which illustrates another enbodinent of the
present'in%gﬂfg%nﬁk%ggbgbéggg Bﬁﬁfépﬁh%ﬂe%ﬁc%ﬁ%%%$e ng%téﬁnigkforned, ’
Wi ch has ipy.eaPBli, CBULLNEne SOIE Und id) Qi <QH4398 0f 1LbE,se8) conduct or
I ndustry. More specifically, this method has broad applicatfons In

sem conducifeirminkOexe@pReEoPPLEl SRS L Suihd NAe! @hS ckasopBbl 88yein the
field of bio-sensors for mni- or mcro-colums in gas or liquid

separ at i on,34gasplsi goitd theohaéndg Apdtyanresid dnd dagmnelappenfgs . SERar ati on
techni ques. The substrate material 62 is sketched as the background, base
‘material, WAateghehipk" copeat ndePds{tkonvi)s taprs-a3igpitedly/ Enanngl 00@| tx and .

“the "out" q ew g.66 (arrow) to 3-D spiral/channel helix sketched in Fig.
6. Wile ther

i eﬁPFB%rﬁ%§ bRefP1F9%3 arly shown and described with
reference to the preferred enbodi ments thereof, it WIIl be understood by
those skilled in the art that various changes in formand details my be

d it hout d i bydt d .Qf i i =21
made wi t hou ea_aregk%gngr ﬁgﬁ{ggt%&#é. £ ,3GoRe 50 t&ggﬁ;%@gggggn?l

Wat is clained is: ( ormng trench an _ “tunnel ,
P s Rz 8eRYak o 241 OVLADe 2] Ol a0 old 02" ch98x80L09 Ve
' 4 material in the trench, 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 planarized, along with

the barrier and copper seed layer 32, by chemical mechanical

pelish (CMP). This completes the process for forming copper -

interconnects and the vertical region of the inductor.
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(b) formng a patterned first sl1iCOn nitride sacrificial |ayer, for
subsequent channel formation, over the first insulating |ayer; (c)
providing a first dielectric layer, thick IMD, overlying said patterned
first silicon nitride sacrificial layer; (d) form ng a patterned second
silicon nitride sacrificial |layer over the first dielectric layer , thick
IMD ; (e) formng a second dielectric layer, thin IlIl, over said patterned
second silicon nitride and planarizing the second dielectric layer, thin

| MD, by chem cal nechanical polishing; (f) form ng via openings in the

second dielectrigc layer, thin.lll_._.b atterni and, sel ectively renovin
regi ons of the 55?%%%18Pé&8cgiﬁc nggvgl?%i+Pléﬁ%e?nﬁﬁ¥?qi%ﬁﬁ eyion etch?
stopping o il Lirid i f4ci er i | XPRQSi n

St ong o e sEiAtenl 1308 Rakhr end b1 O o W lene! BlarRoRBES) 10

(9) changi nghd he-diledtNMBnQlaltiBE . CABREST Eie t S &€ N ddY OUDR, 438 £XRAFEH
regions of the underlying second silicon nitride sacrificial l|ayer, and

whi | e conti (B8)Nngcdnpriatinegr & 5be Ahgstrémel E6idk Cldypunerof tdiiclisl 11, formng
vertical regions of the inductor by reactive ion etching, stopping on the
first silicaPodited dys RECVDI, cbdhsihayenhaited sehacidalelwapaet et chi ng away
the underlying first and second silicon nitride sacrificial |ayers, thus

" form ng botIrRIY R -b&FeEdm Ror F26RREI IMRand@| (19 tintrtlevel mpkalnet hod
of claim1, Wherein said suhstrate includes sem conduct or. substrate or
silicon oxiHE ‘?fogcﬁ"l’:a?@ywrt %‘rgﬂ‘m ¢8R uE?ogf?j@Q/iW%'f’?‘ﬁ‘lﬁ dPaSksdeh as gate
el ectrodes ﬁgﬂ : (AF=Ta I Yo ! _ t.hod. of, ¢claiml, wherein said
substrate in u%g‘}sgﬁgggﬁrlilggﬁdug?‘%rgi%u %?%12 %%}f?lsceanji cGhdict or device ‘

- structures suidiias At @nelsecbbedaSTMBOVAGE: @ N 4 6GIANSANY, Tt kRhEe
| evel s of netal interconnections. 4. The nethod of claim 1, whereln

mul til evel IMD aergde.ec wopt iteahchhasnpgh ttafried M Qicted BaR0ghy ar
tunnels are fabricated by repeating steps (b) through
top channel 39 (arrow). This top channel 38 is then filled
. with copper barrier and copper 39, CMP chemical mechanical
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:
(a) starting with an insulating layer, thin, overlying a

substrate;

-14-



(h)

dielectric layers are low dielectric constant nmaterial or materials

conpri sing PECVD, plasma enhanced chem cal vapor deposition of TEGCS,
tetraet hoxysil ane deposition with 03, hal ogenated Si O FSG fluorinated
silicate glass, PECVD with silane for Si Oz, carbon-rich silicate glass,
porous | ow K pol yner deposition; in a thickness range from 2,000 to 10, 000
Angstrons deposited by CVD, chem cal vapor deposition or spun-on. 6. The
met hod of claim1, Werein said sacrificial layer of silicon nitride is
conpri sed o{b Sing in.a thi ckngss range from 200 to 800 Angstrons deposited
by PECVD, pidsnd ERHEGc8dPRhERTRE! TipDF thebiRgn indfriderRackitnsdast clai m

1, Wierein saigd. ugder Lyi ificial.silicon nitride, .is selectively wet
et ched away forring bgﬁgggrﬁ%lﬁ%a i‘% AFheT TR Wy 195t é:;hec%é:ﬁﬁgfl s or
tunnels in ﬂ,{g@lliartg_ﬁbag_iaggrl.ayers by the follow ng highly selective Wt

o

et chi ng net hod conpri se f hot phosphoric acid in a tenperature range of

from 160 t o000 pEovidihheaneibet Qierdairnd .1 Lithiay tipevel
i nt erconnected vertical channels and hori zontal channels -24 or tunnel s,

“fabricat ed d¥enlapagt thg pabpsrdd firoughi)idon eammiidee sackiFhicohibr oad
applications in sem conductors, and bio-sensors conprised of: mni- or
m"c_ro-(':ol uri"r?éfefrdr_ gas or liquid separation, gas/liquid chromatography, and
caplllary SﬁBar%%E%gn%egth ggghed 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;
(f) forming via openings 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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9. A nethod of formng trench and channel, or tunnel openings and then
coating the surface of trench and channel or tunnel with a copper barrier

| ayer and a copper seed |layer, in the fabrication of interconnects and

i nductors, conprising the follow ng steps: (a) providing an insulating

| ayer, thin, overlying a substrate; (b) formng a patterned first silicon
nitride sacrificial |ayer, for subsequent channel formation, over the first
insulating layer; (c) providing a first dielectric layer, thick I1]
overlying said patterned first silicon nitride sacrificial |layer; (d)

formng a pﬁtter ed second sLIicon nitride sacrificial Iﬁxer over the first
dielectric 1:ye e PORERRAND, PPEFOR CORRRT PRI Ifivetec EArst Baarierhin

| MD, over i.d - rned _second silicon nitride and planarizing the second
diel ectri _c?dg%el?%t %’%it_g‘ ?’ﬁb,%lﬁg‘} cﬁiéarﬁ‘_%% s rr%’t%a%h‘?rc’aﬁ""d%ﬁ ?ﬁ‘iaﬁ =12 (1)
form ng vi a.2pRRAINGS ithe! RErseCQRd Qé@éﬁ@t&iéﬁééﬁgﬁe f%?%%slwg DY omic
patterning and selectively renoving regions of the second di efectric | ayer,

- thin IMD, hayed cepbisieiban etch, stopping on the second silicon nitride
sacrificial |ayer, while exposing portions of the underlying first silicon
nitride sacli)fi cieplosigjey; a( gpppaangeead ldvep|aaaydnghithe ebepkstry to
etch through the exposed regions of the underlying second silicon nitride
sacri fici aPazgjer, laggrwhbyeatomi¢ nlayer tdepatitdon t veaftiingt tteel ectric

| ayer, thick I D, forning vertical regions of the inductor by reactive ion
etching, stOFFeFG 6F thenrhr apdsehranepl % rrunneadaiiith @ soppayebartigr

sel ecti vel tghing away the derlying first and second silicon
nitride éaéf&%%b%gﬁ Fagng? f 3FRTN a%ﬁﬁ% top and bottom horizontal channel

or el saan! pscColdeB9aLL L0, SRBAL: WAL |Ater:C0n Lag bl

verti cal s and hori zont a ann or “tunnel’s and

second di elcpiplirC skaneliyebyrai DG +A%E ABROSHNARL Gl) £gAQsI ting a
copper seed | ayer overlying said copper barrier layer, by atomc |ayer

deposi t'i onepemisgsoatithgat hexses$ asf dpgdrench and channel or tunnel Wth a
copper barrier layer and a copper seed layer, in the fabrication of

i nt erconnecdd amempmingt bhe. exd¢ss db. cdfpementoghlahacliaimgObanketkeén sai d
substrate includes a semnm conductor_ substrate or silicon oxide substrate
Wth senm cHFFFECoFCRBEF cBY sEhepitAbirechanianpl polishing;

(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 O3, halogenated 8i0, FS8G,
"fluorinated silicate glass, PECVD with silane for Si0;,

carbon~rich silicate glass, porous low-K polymer deposition,
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gate el ectrodes and source/drain regions. 11. The nethod of claim9,
wherein said substrate includes a sem conductor substrate with

sem conduct or device structures such as gate el ectrodes, source/drain
regions and nultiple levels of netal interconnections. 12. The nethod of
claim9, wherein said first and second dielectric layers are low dielectric
constant material or materials conprising PECVD, plasm enhanced chem cal
vapor deposition of TECS, tetraethoxysilane deposition with O3, hal ogenated
SiO FSG fluorinated silicate glass, PECYD with silane for Si02,
carbon-rich silicate glass, porous |ow K polyner deposition, in a thickness
range from*¥® GOFSkIesGoFranags Eroms2 deddste ekl R0 CVmgsiinemisc slepeapted
deposi tion .or a&un-%n. .13. The nethod of ., claim9, Werein said sacrificial
layer of sify OF niTTEE3 s VEBRDr FERASTFLRP NPT FBER Wtkness range from 200
to 800 Angstrons deposited by PECVD, plasma enhanced chem cal vapor
deposition. -27 14. The nmethod of claim9, wherein said underlying
sacrificial silimeN JRickkiiFrdeiahs tiye ! a f 10 ot h
vertical channel s and hori ggﬁ?'a%ggﬁﬁ%n&élfsé%%%%%ﬁqﬁ i ;%)eé ic(r‘)i’é‘?fé'gﬁﬁg
layers by tdfe il limmianghhicghbyssehfgei Fomero®i€digud mRidaad genprised of

hot phosphoric acid in a tenperature range of from 160 to 200 C. 15. The
met hod of dlefianigediirar FECVDai Hlssppeenivancedrclamiial Srap@apri sed of Ti N,

Ti SaN, TaN, TaNx, (M2N and MoN), NoN, or WNx, deposited by atom c |ayer
deposi t i on,99RPsE tiRPck FBSs UpdRFLYVGNY r oReRUE ol 0 Giddgemr ouigrigie, Fke net hod
of claim?9, rein_said, co seed |l ayer_is conprised of copper deposited

by atomic |5ae\>%§’t&é’6&¥i Fﬁﬁn?egﬁ%*ékﬁﬁil,% o Rktorard-ized shgonedss, with

atomc | ay It C hiLpos of'ug OXlJ e te rature_range from
200 to SOOq(Ecpg'%%gstﬁ!rn%g% a%{ég #‘?o?n 9% % %ﬁfd}”ﬁ: %é‘ﬁ‘%giﬁﬁt&ﬁ‘gr &P¥SFangi ng

f 0.01 : YR i i .05 to 0.5
rom 0. 01 % GRS FRABGE gyﬁkgmfngefé%éﬁé' xegf%(ﬁg.%niéﬁ%%?}og to

seconds. - 17. A method of formng trench a , or tunnel

openi ngs anbrifi€zedoali ARGt PRoSPROBLE &did rANGH @hbLhanRel »ahsbugpel with
a copper barrier layer and a copper seed |layer, filling the opénings by

el ectrol esEnsimatliéfg tof 200pper, in the fabrication of interconnects and

i nductors, conprising the follow ng steps: (a) providing an insulating

| ayer, thin, overlying a substrate; (b) formng a patterned first silicon
nitride sacrifi &'&lal | ayer, for subsequent channel formation, over the first
i nsul ati ng | ayer®S( BPEEPBY FEPRGT P3F71R* diayese i compyased; RECRINMD,

overlying i a rngd,fir iligo jtride sacrificial layer; (d)
formng a ggtsgggntg%ﬁée?%ﬁ’d’ sﬁ?"@oﬁnﬁi {]?ﬂie B i 9% Py F&?@F’%?@rbl’he first
dielectric jiawele 1kbLek - f oy, m cond dielectric lgyer, thin

| MD, over ?ai d patlt gr negégge)?é%%g%i I"i:I?oépngtnl-l?itésk:%1 essar:]:&ngllgﬁaﬁr?{“ngxt {'1‘3 second

di el ectri c 2ogy ahgsthbiis. M8 . bYné hesp ol adiReh aply BALrSAENayer
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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(f) formng via openings in the second dielectric layer, thin INMD, by
patterning and sel ectively renoving regions of the second dielectric |ayer,
thin IIl, by a reactive ion etch, stopping on the second silicon -29
nitride sacrificial |ayer, while exposing portions of the underlying first
silicon nitride sacrificial layer; (g) changing the plasnma etching

chem stry to etch through the exposed regions of the underlying second
silicon nitride sacrificial |ayer, and while continuing to pattern the
first dielectric layer, thick ILK, formng vertical regions of the inductor
by reactivehiqp %gchin%ﬁbstoggin% on the first silicon nitride sacrificial
layer: (h) 22I%® P& PSKeCYELeN ARdaBRYSE nelm deaTging froms O -88dtoeBohd -
silicon nitglde sacrificial layers, formng both top and bottom horizontal
channel or tunnel openings; (i) depositing a bottom copper barrier |ayer,
first barrier, coating both vertical channels and horizontal channels or
tunnels in the first and second dielectric |ayers, by atomc |ayer
deposition; ) deposilechiolessPPEstsethl @Y Cho s IoH nﬂaeS@'og geppgLgbarrier
| ayer, by atomic |ayer deposition, coating the surface of t gnch ang
channel or Yaverns, \Wifldiagcoppenebaoti Binhély efpaiichgs GAMPEanSefdekaysE; (k)
perform ng el ectrol ess copper plating copper on said copper seed |ayer

filling tr&EPednd cOMRARELNGr thanfiel lewng rpparitticn coxddssonk :coaper; (1)

‘renovi ng saj.d excess of copper and planarizing back the excess copper by
cheni cal 'ngr?ﬁé‘ﬂidc aﬁ&PFsh?Eﬁ;ﬂéﬁbﬂﬁ(?ﬁ!ﬂmq iGW$0a . t BB, bEGhk eZHa00pper
barrier |aygar nd_bargier, thus conpleting the fabrigation of inlaid
copper int éﬁggn%%%%sqgn %ﬁﬂﬁ% %p re 1?@%5‘1‘??8‘} ifod 6r €3 g?mﬁl’?‘?lmé} n -
mul tilevel dgppaird bRt e i ndu re.fahricated by
repeati ng steps (g)q'gtgﬁrﬁgugﬁh(e'%qggggféi%%%ﬂogﬁng@l %’Fm@??%ﬁer ein said
substrat e imeistdemsa sem conductor substrate or silicon oxide substrate

Wi th sem conduct or device structures such as gate el ectrodes and
source/drain regions. 20. The nethod of claim 17, wherein said substrate

i ncludes a sem conductor substrate Wth sem conductor device structures
such as gate el &8ro8Bs: 46ur¢kich aim qwyEonecicdnull sifgkeviewel s of netal
i nterconnectiqns. 21. The method of claim 17, wherein said first and second
di el ect ri c FRYEFSdr E0REGF di 2l besirate ang #f thet embalimentat of i the

conpri sing | asnp. enhanced chemni cal. vapor deposition of TEOS
t et r aet hox g?%gt 558%? PBn Wt , W%t@&“&?‘&s god, herisentat ed

silicate gl " N Si 02, car -tich_siljcate gl ass,

por ous |omf%§%8F$§g?$%X%%§F§§on, |$#%?%9?f Y1ﬂ%dg%ﬁ&é§8rﬁﬁgﬁi??5ﬁ? >$0 to
10, 000 Anggiboes tideposFt By CVD, cheni cal vapor deposition or spun-on

22. The nmethod of claim 17, wherein said sacrificial |layer of silicon
nitride is conprised of SINin a thickness range from 200 to 800 Angstrons
deposited by PECVD, plasma enhanced chem cal vapor deposition. 23. The

met hod of cl ai nRe¥ernikeg ety Bigd 4mdetiidng ssactthi-bei aimehkisgaanitride, is
sel ectively Wet etched away form ng both vertical channels and horizontal
channel s oP*PURFEFE FhdehelewnRAqidahpd dpege by lihetiatingi agshl vy

sel ective %%% Etcging mef hod conprised _of hot phosphoric acid in a

t enper at ur 8“FPENGRTB1 OF r HHHUIP (st sbstxraten0pephblinf insalatigy wher ei n

sai d bottoguLcapp h?g;ﬁ' r.laver.is conprised of EiN Ti SiN,_ TaN, TaNx,
Mb2N and NoN), ﬁ% ) oré€%3%e(kf%%ﬁ & s%f&ﬁﬁc4 ay¥P*Hepdsta¥yen o5 n a
(M _ P y p
thickness gangb88 A{eMI0 4P LOEAMAH 59 vench 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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25. The nmethod of claim 17, Werein said copper seed | ayer overlying the
copper barrier layer, is conprised of copper deposited by atomc | ayer -32
deposition, thickness range from20 to 200 Angstrons, with atom c |ayer
deposition conditions of: approximate tenperature range from 200 to 300 C,
pressure range from 10 to 200nTorr, deposition rate ranging fromO0.01 to
0.05 nm per cycle, and pulse tine varying fromO0.05 to 0.5 seconds. 26. The
met hod of claim 17, Werein said electroless plated copper on the copper
seed |ayer, filling channel or tunnel openings with an excess of copper,
~conprising i.ng .d Shil 151 ons. I | ati. bat

m xt ure cor#er?"}leéstlf}l(nag:J 8%8‘ 2 E'Eﬁ Iil%gpcggyéﬁ%é]hle%% |11r¥%gmq1 : %Pé?‘%fea?gnge
from25 to By atichledi Bgag, CQQpErsﬂbﬁ.{fI&.éf|%&ss HARYA0 theoRbg, 000 to
10, 000 Angstroms. 27. The met hod of claim 17 erein salid excess copper is
pl anari zed HeatilzdntaahelianaklBeCRNE ChE POIMmSDi $lgni Ta2f @ 2i,NleicdpEOpper
i nterconnect wiring and i nductors. 28. The nethod of claim 17, Werein said
‘top bl anketangdgse £aravingethkayep, regtomdoHarhe eindunted.yi ng t he copper, is
conprised of Si N deposited by PECVD, plasma-enhanced chem cal vapor
deposition, in a thickness ranging from 200 to 800 Angstrons. -33

. AU% A8. AlsB. A8. %&8 A&8. A. AU. A. AX A9. A(, ADB. A<. A#(, A. A@Q.s% @(% A( % Al%
", ABV. AF&. A8v 8””;&&9 K8BFAf< ﬁ\<("h%/&l}-\vls BAFRIRR SjmaRpionaly

- 1Z{uoi c V\Q&g! ]gglé! ]g@ o ca C cal] cal] caU
]cgU] ca]U] % ‘Cv #JJ: @% %}1 “ﬁ eU] ca ac}llﬁtgfalr% %]ﬁgﬂl yng]ngatJ]UU] C
U call call cadoad calsgg) C@MC@LC@%C%ﬁaL& C@%a rdecaleaulaal cau cal c

al] ca] caU] ca] caU] caU] caU] cal] caU] ca; 335cf gj kX7q. 82({uoi d*XRmga[ UUU| caU] cal]

ca] cal] cal]«wmdddradoaadpeatihgal)] salh ead) satd Lad)] £ dendocaldacatlreathcal] cal)]

calU] cal] ca U c”aUca] caUcaUca(f/mJQ\ : u

VI Ml ~ysnga[ladrea Etchgddc avkhgaU] caU] cal] ca] cal] cal] cal] cal] ca] cal] ca] cal] caU

] caU] caU] cal] cal] ca] cal] cal] cal] caU] cal] caU] cal] caU] ca~! "1 T"] " _"""""" =#YH#

##$; $S$| $35&YbWWBRELE} wgke XRga[ UQU] U] cal] ca

U c"aU] cal] cay cal ca cal ca cag&c caU] cal] ca] cal] cal]. caU]lcaU] cal] ca

erring to Fi ich'in a crXoss-section
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 electrcless deposition of copper 49. A top layer of

barrier SiN (4%3), optional, completes the structure.

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

illustrates yet another embodiment of the present invention,
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Ul c*ay] cal] cal] ca] caU] cal] cal] ca] ca& (N(P(QUV(W (((()H))))*X*p*qx******+] ++ |

| vpj d*XRga[ UOU] U] cal] caU] cal] cal] cal] cal] cal] caU] cal] cal] cal] calU] cal] cal] ca
Ul caU] cal] cal] ca] cal] cal] cal] cal] cal] caU] cal] cal] cal] cat++++++=, 0O ~, , ,,
.W.//00_2922233

5666" 79~xr | f a\ VPUU] cal] ca] ca] caU] cal] cal] cal] caU] cal] ca] caU] caU] cal] cal] caU
] cal] caU] cal] ca] cal] caU] calU] cal] caU] calU] cal] ca] cal] cal] ca999999: : 8;
J<R<<<===7==) >c>>>>2707?????% b @y snga[ UOU] cal] cal] caU] caU] caU] cal] cal] cal] ¢
aU] cal] caU] cal] cal] cal] cal] caU] cal] cal] cal] ca] cal] cal caU] cal] ca] caU] ca] caU

@aoN\BB T ca a] caU
} g:{ﬂcgaU] c%] gﬁgﬁca] cE%ﬁca’%calﬁ%ﬁ Ji:sa%m%m] fz U] UL U{T c!aU] c
al caUl cal al] 620 Rtk HabbhbLXdRd | ko Bl Iauew%mmeoﬁu.gw cal
cal] cal] caU| caU] cal ca ca] ca] cal ca] cal] ca] cal]
g\fj@gg]# $$U] %ﬂl%H]dﬁ&]b&&U][ﬁaﬁﬁﬁﬁCaﬂ’SﬁL&ﬂlm Gald %&M\INMBPEEEPPP#QQQQQ?[ RR
UUSU\ U] vpj dte¥Bind avsUtoUFoall] cappeat)] tratd oaistfsc.a incaditeals], cabfichibeal] cal]
cal] cay] cal] cal] ca;L_EJ| cal] cay] cal] cal] cal] ca] cal] cal] cal] cal] ca\ UUU
VWWWWWWWWRRFEIREEZ £8[[ EPRLLERBLPRS r | $UGAT NG ¢ g lowusc £dfcc ggfsc ay] dadhid U] cal

cay cay cal) cal] cal] calU] Ca] cal] calU] calU] ca cay ca al) Ccaj cal) cal] cal] ca
U]SLU]SL]] 1g%dlg]gaL cﬁloma ogéﬁphy anJ 1Jﬂcapphla¥L sepakltlgi 4

d=d(e@ Hf \ f Uh ahcphhi d*"XRUl cU ca aU]ca]c
aﬂ ((:Sﬂ cagﬁca%‘)ilﬁ%l chgfzg_gﬂg lé]d‘% é A4 iﬂvclaw ;é}fcft}ggg}ifafw caU]U]c;?J]U]c;
. alUl cal] ca

- U cal cay J(:%Lxl]%l Uj cd] ca] cal] ca%i cajca%l ESca%i cal ca%]i caU]Lr7 Si caa cal] cal] caU
] cal] cal] caldsealdtaalCahgaeCayaas £3£# 14§ S&S IBigt et WiBVEMWV V| vpj d*XRga[ U
QUU] U] cal] cal] cal] caU] caU] cal] cal] caU] calU] caU] cal] caU] ca

U] c*al] calUja alfjoczl-caktabhad Urepth saht a6l §rc al ] lnadfxeadinga Whea pPllaasy Vv vv Dnvw wr

VWWMAWY
xxCyDyyy[ | =R SEFPpesuyaek ehy®y af UG UVjRaYeedjsdddioc 28] ealpoal] cal] cal
cal] cal] caU] cal] caU] caU!LcaU] caU] cay] cal] cal] cal ca] caU] cal] caU] cal] caU] cal] c

al] ca3~~~ABHSFOS] ; in a dielectric layer 50, depicting a

| fa] UPU a cal Ul cal] cal] caU] cal] c
4] Call cal %aua L%r%%ﬁ%@& TR bR %ﬁ%&% 5%% ey .
UVXr u=f.i _d|adi f cay] ca] ca
U c;ijca:J] c!a S& 2 HB U] ayl.‘{[j: a%}gf%:g%}%% %? cégglr%acl &10%
& ()- 'E&lOQ@u_BP J.B&u(].b‘t]:h%() o) 504 09B& dng %ﬂ%aﬁﬁnell Q¥BEs( Fabq89} [ <1
10B: 109B& ()-!/!11098BB& ()-6!0*109BB& ()-1c(4109B&' ()-j! 109B& () -! S&10%VVE' (
) - 915 h g\ QFtefe thidw hQWhlﬁup dPMMEr&gibs 1DV Qurows)-.! | 10%wW&' () -j ! 109%& () -
10B 10BM ! ZdEg\ QF10B "10%2&f()-#10@€&f()-i!10@Z&T()-9
&10%Z& ()-yClo%Z& ()-s 109%Z& ()-Z?n?dEg\ QF10Bi *j ! 109%Z& () -
(310%Z& ()-s$10%Z& ()-" 10%Z& ()- | 109%Z& ()-& !10%Z& ()- 7CDEFS{\ =F10B
3109 ()-1* 109RELeFrirgotp28ig) - 63 vpiElpgig )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 licuid

separation, gas/liquid chromatography, and in capillary
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10Z 10Z 10Z: 109%& ()-, 0123cb@10B! #&1098BB& ()-!10% & ()- 102 102 1020:
109R& ()-<71
109R2& () - p5pl0%R& () - Xa?b@10B! #109& ()-i!10% & ()-F10% & () -! OSH109%44& () -
c 10% & ()-i!10% & ()-7q. dEb@10B! #F

i *10% & ()-(10% & ()-&10% & ()-% 10% & ()-#) 10% & () -V

L!s10% & () -.8<=>?xmbCF10B! ! 10% & ()- 10° 10 10°0: 10% & () -
p5s10% & ()-6, 10% & ()-j 6,

10% , & () -] (fa’>rrbCF108' 6#10% & ()-10% & ()-!18&10% & ()-!10% & ()-

10% & ()-v 010% BanFlO 1 10% & 0%.&().- .

Lot & () bl EERREEE Y B%;ao% ﬁ"ﬁ eﬂﬁé?@f@f(ésﬁﬁ =¥gsghed)
109 & () - ! taSHIQ08 Nk &l )il 0% 0%:& Lo

V! aB~ ga)ﬁlosl :’%ﬁf ¥ k% Ié’)dnilooobﬁég Hesidive J‘% i é&eﬁ"%ﬁ &4

109 & () - VI daFow) %383-@;95&411;@%1&1@ o008 Gl e TV b 6
X1006 & ()- L1 1096 & ()M SLOS & ()- hvissHiHonbCRIOBE T0%08e ()2 50" 10"

10" 109 & (@rrow)0%bR3ED- sPEVADIERAfDe ] HWER (Shekiched in Fig. 6.

$S5| $$$89@?NMHCF10B! s$10% X. X& ()-! 10%KX& () -V

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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1090x& ()- 1090x& ()-c "~ 1090x& ()- 10%0x& () - &Y%BY&&' (N(z[ <mbCF10B1
1090x& ()-v 0J

1090U& ()-! %" 109%Xx& () - 6! 6#109%X& () -! 1090x& () - 7! L<940%x& ()-N(((((((()b
CF10B) 10%& ()-10%& ()- 100x 100x 100Xx;

1090x& () - 51090x& ()-3: 1090x& ()-)H))))*X*dEbCF10BI 10%& ()-v S10%& ()-)
109%& ()- 109%& ()- 0109%& () -

\ 10%0&' () - X*** +] +++A2hCFLOB&F 109%0& () -! % 10%bb& () - 64

10%& ()-ili! 10%& ()--

10%8& () -! XxYUO0%b& () - +++=, O ~, AFhCE10BR5100RE, () -V 3P10%E& () - 010%¢& ()-
i 110%& ()-S, 10%& () - *10%9&'() :

.Wb@10B! p#10% & ()-!10% ()-7!10%& ()-7 10b 10b 10b0; 10%é& ()-Y7

10%& ()-W.00_2d2e2f 292} "SH=F10B 10_ 10_ 10_,;10%& ()-*!10% & ()-

(P10%& ()-11"10% &1() - h! 40¥nod &F- ﬂ@ﬂmﬁﬁﬁ%ﬂ&piﬁflﬁﬁnn@g%é 0- 10p

10P 10P: 10%P& ()-! i ®A0%0& ()-i!y' 10%c& ()-!y' 10%\ & ()

J<O<P<(XR<wXMB7F10tunnel, openings comprising the following steps:
(2) providing an insulating layer, thin, overlying a
substrate;
(b) forming a patterned first silicon nitride

sacrificial layer, for subsequent channel
formation, over the first insulating layer;
(¢) providing a first dielectric layexr, thick IMD,
overlying said patterned first silicon nitride
sacrificial layer;
(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
said patterned second silicon nitride and planarizing
the second dielectric layer, thin IMD, by chemical
mechanical polishing;
(f) forming via openings 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;
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10, 10, 10,:10% & ()-!/"10%,& ()-7!'=.10% | & ()-!'!" ?=.10% ,D

L& ()-11=.10% | & () -! Rk===z==) >c>"?MB7F10

10F10%&' ()-!7'10%& ()-!<c(10%& ()- 10%& ()-v S10% ()-

109 () - c>>>>27?0??wWXOMB7F10 f)i!l10%& ()-C 10%& ()-!9

UC 109N () -! c##L109&R () -! @O%KX&' () -! Xevyd0%&' () - ?? % @oaaeaB77F10 10;
109K ()-3]10%& ()-!) 1#109RR& () -/ 109%& ()--1 109%& ()-1 +I

10%&' () - @G@GADVEEEEgH=F10 10 10,:10% & ()- .i!10%l& () -O!
110%, & ()-01=10%<& ()- >10% & ()- 10 10EEE&FFFGHa?=F10_10

I\ f #10%008' () - Sti D(109884&' ()-!D(10% & ()-!pD(10% v, v& ()-!i D( 109884 () -
10, 10,HIJJJJJJKﬁﬁ\:Eﬁﬁn&iﬁ&OQKé(ﬁl&éﬂémﬁﬁdﬁiﬂﬂZHléﬂlsHleQ%&éEhh!df#long
H& ()-SI\f#10% ()-SK. LI LLLLM >{\: F10 1!'109%& ()-! <6* 10%CC&' () -

i WB10%VHSE () - KihwdtghRthe- d#0sed £ogford) i (thaVidddekeVyliiyh MeBbhdF10
1!10%&f()-10%&f()-lO%&f()-lQ%&f()-1Q%&f§)-!h!10%),&f()-QNbNbNhNtNENTNUE{\:F
10 1!10%&f()-10@&1GF950%&tF}d§OQEF{}fHEPi@(%aiﬁy%&aﬁﬁ-MNBW#NWN%W}N%LHE{\:FlO
' o9& -109& -109& - 109&! - 109& - 109& - M~-MVWHE{\ : F10

11 10% () - 109%& %L %gé%e %gé8E£ S%Qé%gfgcéégéﬁfégégvzt ¥Lk IMD, {

forming vertical regions of the inductor by reactive ion
etching, stopping on the first silicon nitride

sacrificial layer;

{h) selectivély wet etching away the underlying first

and second silicon nitride sacrificial layers, thus

forming both top and bottom horizontal channels or

tunnels,

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

gate electrodes and source/drain regions.

3. The method of claim 1, wherein said substrate
includes a semiconductor substrate with semiconductor
device structures such as 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) .

23



1110%& () - 109 ()-10%&' ()-109& ()-10%& ()-109%& ()- MVMVMMMIE{\ : F10
1110%& ()-109%&' ()-10%&' ()-109& ()-10%&' ()-10%& ()- MVMVWWMMIE{\ : F10
11109 ()-10%& ()-109%& ()-10%& ()-109%& ()-10%& ()- MVMUWMWIE{\ : F10
11109 ()-109%& ()-109%& ()-109& ()-10%& ()-109%& ()- MVMVMVMIE{\ : F10
1110%& ()-109%&' ()-10%&' ()-109& ()-10%& ()-109%& ()- MVMVMMMIE{\ : F10
1110%& ()-109&' ()-109%& ()-109& ()-10%&' ()-10%& ()- MVMVM NNa?{\: F10
LY C 109 ()-Z!' TY! C 10%, & ()-Z109% ()-10%& ()-10%&' ()-109& () - NNNPPPPPT
Puj @10 1!'!11109%& ()- 10 10 10;10%& ()-v. 109 ()-6)
, PLO%&' () -1*"109%& () - TPPPP#QQQ'<j _@10 1!!inwlO%&f()-!I"lQ@ﬂ@ﬂW&f()-!#
1094 %4 9%&' () - 6#10%9&' ()-v L&IOW& () - 1099& () - QR[ RRS@Sz[ 9) _ @10
F("109898& ()-' 1098& ()-<%d09%& ()-!3!'f 10%t& ()-!Py
%40% % %&' () -y! SF109884& CheSH&ThoUbEUAYNGE 1D, |whd¥aikD %¥alitor: W &na) - v7
10%8&' ()-1J 1099& ()-v &0109& ()-p, 109%8& ()-USU UUU VWaBYNCF10
!!10%&}()-10%?&5@an@i@@gi&b@yi¥ layers are low dielectric constant
010%&' () - FlO%?&'%;— 1'109%2& () - VVWVWAWWA?YNCF10 ! *1 109%& () -
(7! 10%2& () - ! 59 &Jle)l oF E‘fG%&a{-f ePURYALNg -BRP, plasma enhanced

10% 21 2& () - YYYELemlcal apgr deposition of TEOS, tetraethoxysilane
deposition with O3, halogenated Si0O, FSG, fluorinated
" silicate glass, PECVD with silane for Si0,;, carbon-rich
silicate glass, porous low-K polymer deposition, in a
thickness range from 2,000 to 10,000 Angstroms deposited

by CVD, chemical vapor deposition or spun-on.

6. The method of claim 1, wherein said sacrificial
'layer of silicon nitride is comprised of SiN in a
thickness range from 200 to 800 Angstroms deposited by

PECVD, plasma enhanced chemical vapor deposition.

7. The method of claim 1, wherein said underlying
sacrificial silicon nitride, is 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.

8. The method of claim 1, wherein multilevel

interconnected vertical channels and horizontal channels -
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1109 ()- 109 ()- @O0% ()-! s3"10% & ()-
109%& ()-ZZb[[[[ X\ z[ 9~ @10 ! YF' 109%& () -
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100& () -]"AXMAAAAS xrb@ 10 | Y1 @ 10%J& ()- 10 10 10: v10%& ()-65 10%& ()-
| 3109 ()-/10%: () -, b3d8d9d: d; d(e@{\: F10 !1hS=. 10% ()- 10%& ()-i 10 10
10: v109%& ()-!(-)109% ()-! @ 10%VCV& ()- @EFFf G HI\ffffbCF10 !'h 10%VE () -
109Vv& ()-F F 3109%V& ()-= 109%& ()- 10, 10, 10,:10% & ()-f)gSgggohch{\ =bCF10
I F -

10?7 10? 107?;

or tunnels, fabricated by repeating steps (b) through
(h) , comprise a list of broad applications in
semiconductors, and bio-sensors 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 with a copper barrier layer and a
copper seed layer, in the fabrication of interconnects
and inductors, cdmprising-the following steps:

(a) providing an insulating layer, thin, 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, thick IMD,
overlying said patterned first silicon nitride
sacrifiecial layer;

(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
said patterned second silicon nitride and planarizing
the second dielectric layer, thin IMD, by chemical

mechanical polishing;
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{f) forming via openings in.the second dielectric
layer, thin IMD, by patterning and selectively removing
regions of the second dielectiic 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 wvertical 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.

(i) depositing a copper barrier layer coating

both vertical channels and horizontal channels or.
tunnels in the first and second dielectric layers, by
atomic layer deposition;

{j) depositing a copper seed layer overlying said
copper barrier layer, by atomic layer deposition, thus
coating the surface of trench and channel or tunnel with
a copper barrier layer and a copper seed layer, in the

fabrication of interconnects and inductors.
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10. The method of claim 9, wherein said substrate
includes a semiconductor substrate or silicon oxide
substrate with semiconductor device structures such as

gate electrodes and source/drain regions.

11. The method of claim 9%, wherein said substrate
includes a semiconductor substrate with semiconductor
device structures such as 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 TEOS, tetraethoxysilane
deposition with ©O3, halogenated $i0Q, FSG, fluorinated
silicate glass, PECVD with silane for 8$i0;, carbon-rich
silicate glass, porous low-K polymer deposition, in a
thickness range from 2,000 to 10,000 Angstroms deposited

by CVDb, chemical vapor deposition or spun-on.

13. The method of claim 9, wherein said
sacrificial layer of silicon nitride is comprised of SiN
in a thickness range from 200 to 800 Angstroms deposited

by PECVD, plasma enhanced chemical vapor deposition.
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14. The method of claim 9, wherein said underlying
sacrificial silicon nitride, is 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 comprised of TiN, TiSiN, TaN, TaN,,
{Mo;N and MoN), 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 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 to 0.05 nm per cycle,

and pulse time varying from 0.05 to 0.5 seconds.
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17. A method of forming trench and channel, or
tunnel openings and then coating the surface of trench
~and channel or tunnel with a copper barrier layer and a
copper seed layer, filling the openings by electroless
plating of copper, in the fabrication of interconnects
and inductors, comprising the following steps:

(a) providing an insulating layer, thin, 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, thick IMD,
overlying said patterned first silicon nitride
sacrificial layer;
(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
said patterned second silicon nitride and planarizing
the second dielectric layer, thin IMD, by chemical
mechanical peolishing;

(f) forming via openings 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
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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 laver;

(k) 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 dielectriec
layers, by atomic layer deposition;

(j) depositing a copper seed layer overlying said
copper barrier layer, by atomic layer deposition,
coating the surface of trench and channel or tunnel with
a copper barrier layer and a 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 ;

(1) removing said excess of copper and planarizing back

the excess copper by chemical mechanical polishing;
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(m) depositing a top blanket copper barrier layer,
second barrier, thus completing the fabrication of

inlaid copper interconnects and inductors.

18. The method 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 such as .

gate electrodes and source/drain regions.

20. The method of claim 17, wherein said substrate
includes a semiconductor substrate with semiconductor
device structures such as 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 comprising PECVD, plasma enhanced
chemical vapor deposition of TEOS, tetraethoxysilane
deposition with 03, halogenated Si0, FS8G, fluorinated
silicate glass, PECVD with silane for 5iQ;, carbon-rich

silicate glass, porous low-K polymer deposition, in a
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- thickness range from 2,000 to 10,000 Angstroms deposited

by CVD, chemical vapor deposition or spun-on,

22. The method of claim 17, wherein said
sacrificial layer of silicon nitride is comprised of SiN
in a thickness range from 200 to 800 Angstroms deposited

by PECVD, plasma enhanced chemical vapor depositicn.

23. The method of claim 17, wherein said
underlying sacrificial silicon nitride, is 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 °cC.

24. The method of claim 17, wherein said
- 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

te 200 Angstroms.

25. The method of claim 17, wherein said copper
seed layer overlying the copper barrier layer, is

comprised of copper deposited by atomic layer
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with atomic layer deposition conditions of:
approximate temperature range from 200 to 300 ‘c,
pPressure range from 10 to 200mTorr,

deposition 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, HC1,
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
pelishing, forming inlaid copper interconnect wiring and

inductors.

28. The method of claim 17,kwherein said top
blanket copper barrier layer, second barrier, overlying
the copper, is comprised of SiN deposited by PECVD,
pPlasma-enhanced chemical vapor deposition, in a

thickness ranging from 200 to 800 Angstroms.
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