ENHANCEMENT OF DRY ETCH OF HI GH ASPECT RATI O FEATURES USI NG FLUORI NE FI ELD
OF THE INVENTION (1) The present invention relates to processes and

appar at uswbapiwdiesodry et ching of silicon and parti cul ar PgTIUS200006TH8Y
etching of high aspect ratio vias or holes in silicon substrates for use in
sem conductor or other electronic devices. BACKGROUND OF THE | NVENTI ON ( 2)
The existing nmethod for dry etching of high aspect ratio features, e.g.
vias or holes, in silicon substrates, is know as the Bosch process. The
Bosch procegfyHANEEMPERMORDRYIEICH OF HIGR ABPECT RAJOFEATORES\AS
originally designed for use in MEYREEEDOINEUt has been used successfully
in the formation of off-chip interconnect h(m es. The Bosch process enpl oys
repeated cycles of an alternating step process to achieve nearly vertical
etched holes. The first step@mgﬁmtch, wherein pl asma

contai ning sone ions that at trate in a nearly vertical
direction is used. For silicon etching, the nobst common plasma ions are

sul fur hexaflugride (SF6). The second step in the Bosch process, conprises
deposi ti o081 %@%ﬁé%ﬂ%“{ﬁﬁt%‘r@?ﬂfﬁﬁ? PR E‘éﬁeﬁé‘y‘@rﬁpﬂ%%ﬁ“sé%&?&ﬁ'})’ using a
CAF8 sour r i Lvatd-on | ayer
er ves. o prard of SRS ShBRARSIAHY & AN ALRB TRt e RS IR
subsequenthodgsciini silicost sxsirakesir aise inlsemicomhidtonen othenslebbobar d t he
substrate and etch through the passivation |ayer at the bottom of the hole
formed by %ENESSrior etch step to ultimtely expose and further etch the
substrate. The passivation |ayer along the sides of the hole helps to
protect against further etching and to _create the vertical holes. Each

cycl e of etch and passi vBAGKGREUNDOF THE WNYENTION furt her etching at
the bottom of the previously etched holes. After repeated cycles of etch
and passivation, a high aspect via can be achi eved. These conpl eted vi as
can t hen (@02) mbd existingameiheiddot dicetichirer of kigly aspecDatia featuses,lEagri er

| ayer; e.g. Ta/TgN, .and. a co r.seed |layer. The vias are then_conpletely
i1 ed i dinsdgiare. 8 WePosBBiaIe Bnst Aednd Hastbitofit.ebie Bosch

process, also known as pulsed or time-multiplexed etching, was originally

designed for use in MEMs etching, but has been used successfully in the
formation of off-chip interconnect holes. The Bosch process employs
repeated cycles of an alternating step process to achieve nearly vertical
etched holes. The first step comprises a plasma etch, wherein plasma
containing some ions that attack the silicon substrate in a nearly vertical
direction is used. For silicon etching, the most common plasma ions are
sulfur hexafluoride (SFs). The second step in the Bosch process comprises
deposition of a chemically inert passivation layer, most commonly using a
C4F3g source gas. Each step lasts for several seconds. The passivation layer
serves to protect the entire substrate from further chemical attack in
subsequent etching steps. However, the directional ions bombard the
substrate and eich through the passivation layer at the bottom of the hole
formed by the prior etch step to ultimately expose and further etch the
substrate. The passivation layer along the sides of the hole helps to protect
against further etching and fo create the vertical holes. Each cycle of etch
and passivation results in a very small further etching at the bottom of the

previously etched holes. After repeated cycles of etch and passivation, a high



(3) In an alternative to the Bosch process, known as the non-Bosch process
or steady state process, etching and passivation are carried out in a
cont i nuosopprmogs®2until the entire via is etched, rath@CTusa0090bm834
alternating cycles of the Bosch process. The etching gas for non-Bosch
processes is the sane, i.e. SF6, but passivation gases are usually 02 or
HBr. For exanple, when using 02 as the passivation gas, a |layer of S102 is
formed on the sidewall of the via, which is nore resistant to etch by SF6
than the saéae@pmsamé atlieved 4rhé8k lenidieteBasg ot ﬂﬁTeﬁ‘§§e life@Qn@ral |y
useful in form ng high aspect ratio holes or vies, it also exhibits a
nunber of di¢lsgticdayerges. Ie 3 metakbartey layesgogi Safliat, andea ooppenl | process

and pasei JAELJAR T VS A o SO b B e B e BE BT he

r epeat ed rmliterrmmghngag bdt@weeg Xl e, in order to etch through a 0.5 mm
silicon wafer, as many as a thousand cycles mght be required. Vias are

comonl y in the range of 5 pmto 150 pmin dianeter and have depths that
vary from 0% Vv be as high
as 20:1. sr?éggaait%%#mﬁt %}gglﬁ ?éoér‘ls’ spép 'S E dr@%géﬁ% ng, and

because rrmmycenﬁ ¢ri gtbadyg gtite pradedss| emmrgeénd passingtion Eteﬁcérﬂémd’!@ ipaoCcess can
take several hours. This results in very |ow throughput and hi 9h costs.

(5) Anot h&PNHNYeR BFACESS Uil theceTBise in Isreiclhed, rather ha'ﬂléﬂﬁ pieRtipgocesses i s
scal | opi n t | at e

i sot ropi c%(gt8 Ifgﬁ dg?%%gg’gm éﬁc%% ngﬁéﬁ%ﬁﬂ?e{{} sLIe’Yogt %%{?H e\ﬁﬁleéé?ﬂ]s t|?)'ur pose of
t he passi wamen. esSﬁa, it passp/mne(gasagare&lsudlly é)@tora-iBrad%rte;xatnh;ﬂesl dewal | s

of the deepeni h s te anmage .occur | asma, i o collide with
ond sput t et vlas FasHehasametion Hies o gxer 9Pl IS IGBIRY @Rl or undul at i ng

profile fajgdwifl éﬂtﬁ@"Wé lwhidRiSne?® réf8@nt & BRARPSFOfHEM theQdidopg of
subsequent passivation ‘l'ayers and therefore greater inconsistency in the
via di anetssgpstraeti mately, this can result in non-confornity of the
dielectric layer, the netal barrier layer and the seed layer. This in turn

| eads to poor filling of the via with copper and to consequently higher
i nt er connggo4 ety thedodcdsprabbys Isvgerfdrd UQéﬂuPﬁlsfolrﬂﬁlr{d"ﬁgﬁl ?Ebﬁfatt@f the
etched vias can be as nmuch as 100 nmto Wi | e cycl e mes can

adj ust ed, hpfﬁSsorp\rl%llteﬁhseaths a)euwﬁppémﬂaﬁvam@g@an@nesawh er cycle t| rres
Fa o O GRORRAB Sk el e R o B 0. N B AR

| onger ov Ceds S I NCrease h rate and

t her ef or esroaﬂune;)éﬂmul@vebéﬂdusarmsachIalmd pd¥givatienWytle resois & swed hopi ng of
the side walls. (6) A further di sadvant age of the Bosch and non-Bosch
processes smalltq{ghdgg Qyelesppush b egpasated lﬁ‘é’@?ﬁ@%ﬁ'ﬁtﬁst T Ye@MPlBpiE  war ni ng

gas. Ther%?@érqoaetéﬁﬂﬂer R™ B rhitesiticsh ggféFQ rﬂﬁééf E3RbGsand & e,)ck,fsor all of

t he above reasons remains a need I n t e art I nNpr ov nts to
pr ocesses naght b@p@qmlteds \fias areeommomyoﬂmtrmgraﬁgamﬂﬁ pcmtoa’r@D pariii cularly to

EI'EIE grRéSEt et ‘%%E pg}q%h e hs hart%%w)fr\éimago ?o !368 o S*Rgtars%%gtsratlgg MARY OF
for such vias can be as high as 20:1. Because each etch and passivation
step is time consuming, and because many multiple cycles are required, a
single via forming process can take several hours. This results in very low

throughput and high costs.

(005) Another disadvantage of the Bosch process and of non-Bosch
processes is scalloping of the sidewalls that is caused by undercutting from
the isotropic etch process when using Skg as the etch gas. While the
purpose of the passivation step is to protect against direct attack to the

sidewalls of the deepening etch site, some damage occurs as plasma ions



(8) The present invention addresses the di sadvantages noted above regardi ng
t he Bosch process and non-Bosch processes by the addition of F2 gas into

t he et ch wbantwa7780The F2 is highly reactive with silicomrCans$2000m61834 at t he
silicon surface in either its nolecular state or in an activated state. By
adding a small percentage of F2 to the process, in either nolecular state
(thermal ly activated) or dissociated state (plasma) etch rates can be

i ncreased without degradation of the sidewalls of the via holes. It is

bel i eved tdagidelyittaedi _R@uttdr 80f g tlaewalish Thiresulls Ihg sBarshedpoCcess or to
the etch gas in a non-Bosch process several advantages can be achi eved. For

exanpl e, ungelatingrprefilel fer tmsigeweilgrinis eamiaad togmiceenfarmal essdingrafer cut ti ng

occurs. T r . ' f ' | s J SO
Feduced. HPSeE eI BRBH Tuts cBbp REb R RE o Be ISR D 450 Sher
costs, W idenbterattittsy Ghist deh rg3uRan nby-cnfémeityvofahbeiidtectrienagpst, Al so,
use of F2 allows for. a reduction in the use of SF6. DETAILED DESCRI PTI ON OF
THE | NVENthernetabyarfige layee aadithe seeddavas. gy indesn tepdsrte s fillingtaie

t echnol og : i i : t. : } or holes, in a
silicon sﬁ%és)gllrag{v%h E%’QB%Q?‘E‘?)@UPJ%’?%E@%@%@ﬁt'"’%ﬁ‘i"é‘rﬁﬁ“gﬁ’eﬁ@?f des

i mpr ovenemesisiviyr Flbetustians ar theBlianiztemnsf theetGustaproaodssas nanth ay/er cones

he di sad d ) ith : h : 10) The -
acvant aged BTG SHDETB TN I GHP GRS Gpe GRS Sl Sy OB kg St gas. i nt o
the etch %adﬂt?ﬁﬁleteTP%v%‘égﬁ%.ogheﬁeF «éﬁélé’tihfé% %ﬁﬂeﬂ@ﬂ@ﬂhe?%il@,ebﬁone In

accordance w severa erent enbodi nents. 1n one enbodi nent the F2 gas

i s added wequireSFere etch cygéaand consequerdly langer cwrahgeoasssttinaessFe f | ow
rate. The ,sum of partial. pressures.qof F2 and SF6i s naj ntaj ned at the sane
avel as LRBBRRGTE tioidhynBiRE e bich et ringidhra SAe T8GR on i n e
amount of pekkedéaffle, Bt rashitii e SBRIRSHIRE BF theS5ife 9Rflisl S conpl etel y repl aced
with a mixture of F2 and a diluent gas such as N2, Ar, He, etc. The F2 and

di luent gas are then supplied as the plasm source for etching. Another

enbodi nmen [ nt,. .l nventi-on i n F2. LN lecul ar_ state with

ol ther o @FRAGREETRRvoRAGE or e BOREN BRBch-BPs (T R SEs NiBbea"sre.

still furiyBelof SROAhITaPheyh desnied tot hea Wb iwdrhing ghbe ThbrdTaRs agas and

CAF8 or another fluorocarbon gas as the passivation gas. O her conbinations
(I

usi ng F2 &dudiosdn pe siepiod SFe(3 dpsimablgot ed above, the use of F2 in
accordance with the present invention provides nunerous advantages over the
standard Bosch and non-Bosch processes. In particular, by using F2 at |east
as a conp@emit Fof all betret altbwrogreasons, there remains a need in the art for

improvements to processes and apparatus for the dry etching of silicon and

particularly to the dry etching of high aspect ratio vias in silicon substrates.

SUMMARY OF THE PRESENT INVENTION

(008) The present invention addresses the disadvantages noted above
regarding the Bosch process and non-Bosch processes by the addition of F»
gas into the etch chamber. The F; is highly reactive with silicon and reacts at
the silicon surface in either its molecular state or in an activated state. By
adding a small percentage of F; to the process, in either molecular state
(thermally activated) or dissociated state (plasma) etch rates can be
increased without degradation of the sidewalls of the via holes. It is believed
that by adding F2 during the etch step in the Bosch process or to the etch gas

in a non-Bosch process several advaniages can be achieved. For example,



gas, etch rates can be increased. This increase of etch rate can be
acconpl i shed w thout degradation of the sidewalls of the via holes

resul ti ngworrosmootod vi a hol es. The increased etch rate aCrasgoos7sshort er
overall process tinmes and correspondi ng | ower processing costs. Moreover,
the use of F2 allows for a reduction or elimnation of the use of SF6. The
reduction or elimnation of SF6 al so reduces process costs, by reducing or
elimnating the expense related to the abatenment thereof. This will also
hel p seni apadteh eyciaeanfrcsighiioaniyaedduckt emdress uhberduesig d&durens i nposed
by the Kyoto Protocol and guidelines established in the em cal

Rest ri ct i ofere@se thefarnaent oftscafiaping i ither sideneil!s s alRedeaeiped.of his in

Sem condu s\ i i it h respect
Co 1 mpr ovaddhiadpsd ShatHb Rl pRbeds ks ARg M5Re R BRI 35E N 1" o

vi as or haifeise irtegrityiofdhe slsbiséingtfesned.halgy, esentf F, aMewtsifona reyudioso be
applied in plasm } i nning of wafers where isotropic etching is required.
The advantB#e Us@PTwlker thinning are again reduction of time and cost of
the process as well as the reduction or elimnation of the use of the

gl obal warm ng gas SF6. In addition, the process of the present invention
can be used to etch afieAILED DESGRIETACKRSOFNERENYENTIONN substrate
described. In particular, the present invention can be use for etching
films of silicon dioxide, silicon nitride, doped silicon dioxide, |ow k

di el ectri oA (Y i i,ng of can
be carri eg@g%q@%eﬁ;rﬁ(s:%h{p ??ﬁ%ﬁyﬁﬁoﬁ%&d&gg%ﬁ ‘@gﬁ? %@ﬁ%\gﬁ%si licon, or
in a stacletdiing af higihsaspdatiféatyress e.g.(Ma) ot holes, iara siicpasedstrdtat lot her

enbodi nent s ‘fr’]rg variations. of hhe present invention wl| b?corre readily
appar ent tp@rfﬂa1 als K1 PEEFS ?f’]"?g op r‘?“?‘ﬂé% pamovgme[rﬁ%oy%rrtgﬁoq AL cri ption,
and it i s BJ¥cARAROAndMBloseH Plocsdzedidmntveréntfiel @hé aida@antagksWossd be

included within the scope of the invention as set out in the appended
clains. @bAvEBVitlhESPEST o) sUaRgRrocesses.

(010) The advantages of the present invention are accomplished by adding
F2 gas into the etch chamber. The addition of F» to the etch chamber can be
done in accordance with several different embodiments. In one embodiment
the F; gas is added with SFg into a plasma source as a percentage of the SFg
flow rate. The sum of partial pressures of F; and SFgis maintained at the
same level as that when using SFg gas alone. This results in a reduction in
the amount of SFg used. In a further embodiment, SFg gas is completely
replaced with a mixture of F; and a diluent gas such as Ny, Ar, He, etc. The
F> and diluent gas are then supplied as the plasma source for etching.
Another embodiment of the present invention combines F, in molecular state
with either a diluent gases or with a reduced amount of plasma activated Ske.
A still further embodiment provides for the use of F; as the etchant gas and
C4Fg or another fluorocarbon gas as the passivation gas. Other combinations

using F, are also possibie.

(011) As noted above, the use of F; in accordance with the present invention
provides numerous advantages over the standard Bosch and non-Bosch

processes. In particular, by using F, at least as a component of the etching



1. In a method of dry etching a substrate using an etching gas, the

| mprovenent conprising using F2 gas as at |east a portion of the etching
gas. 2. wormtonoaoaccording to claim1 wherein the subsPCcatus2609/067834 | i con
substrate or a silicon substrate having a | ayer of silicon dioxide, silicon
nitride, doped silicon dioxide, |ow k dielectrics, copper, tungsten or
silicon carbide thereon. 3. A nethod according to claim1l wherein the
etching gas is 4. A nethod according to claim1l wherein the dry etching is

a Bosch type, BIchGeSSs carPbe/ndrebbedl TBRANGIRGetod ctdiidte Eanhry ein the dry
etching is a non-Bosch ty&cje process. 6. A method according to claim1
eo

wher ei n t lecamplishedivitjolsdegraration of Be sidewrhgolihe viaheles fresuhiBgdibst rat e.
7oA et h%h?%@octﬁ%sfbglggt FHe AERabeWGER e NG W rSr SHGRA W drSi Brd¥e86©SS of

t hi nni ng subs
times and corresponding lower processing costs. Moreover, the use of F»

allows for a reduction or elimination of the use of SFs. The reduction or
elimination of SFs also reduces process costs, by reducing or eliminating the
expense related to the abatement thereof. This will also help semiconductor
manufacturing facilities meet the restrictions imposed by the Kyoto Protocol
and guidelines established in the Chemical Restrictions Table of the

international Technology Roadmap for Semiconductors.

(012) The present invention has been described with respect to
improvements to the Bosch and non-Bosch processes for the etching of vias
or holes in silicon substrates. The present invention may also be applied in
plasma thinning of wafers where isotropic etching is required. The
advantages for wafer thinning are again reduction of time and cost of the
process as well as the reduction or elimination of the use of the global
warming gas SFs. In addition, the process of the present invention can be
used to etch other fitms or stacks than the silicon substrate described. In
particular, the present invention can be use for etching films of silicon dioxide,
silicon nitride, doped silicon dioxide, low k dielectrics, copper, tungsten, silicon
carbide and others. Etching of can be carried out on such films by

themselves, in conjunction with silicon, or in a stack of various film layers.

(013) ltis anticipated that other embodiments and variations of the present
invention will become readily apparent to the skilled artisan in the light of the
foregoing description, and it is intended that such embodiments and
variations likewise be included within the scope of the invention as set out in

the appended claims.



8. A nmethod of etching via holes in a substrate conpri sing: dry etching
the substrate using etching gas having F2 gas as at | east a portion of the
et chi ng ga®;20mbarsen the via hol es fornmed have an aspectPCratsza/06f83L£0: 1.

9. Asilicon substrate having via holes etched therein, said via holes
havi ng an aspect ration of 20: 1.

CLAIMS

What is claimed:

1. In a method of dry etching a substrate using an etching gas, the

improvement comprising using F» gas as at least a portion of the etching gas.

2. A method according to claim 1 wherein the substrate is a silicon substrate
or a silicon substrate having a layer of silicon dioxide, silicon nitride, doped

silicon dioxide, low k dielectrics, copper, tungsten or silicon carbide thereon.

3. A method according to claim 1 wherein the etching gas is

4. A method according to claim 1 wherein the dry etching is a Bosch type

process.

5. A method according to claim 1 wherein the dry etching is a non-Bosch

type process.

6. A method according to claim 1 wherein the dry etching is a process of

forming via holes in the substrate.

7. A method according to claim 1 wherein the dry etching is a process of

thinning the substrate.

8. A method of etching via holes in a substrate comprising:
dry etching the substrate using etching gas having F, gas as at least a
portion of the etching gas;

wherein the via holes formed have an aspect ration of 20:1.

9. A silicon substrate having via holes etched therein, said via holes having

an aspect ration of 20:1.



