30 SEP 2004 WO 01/75967 PCT/US01/ 09564 IN SITU AND EX SI TU ETCHI3NQE gg%ﬁ?
FOR STI W TH OXI DE COLLAR APPLI CATI ON Back and of the Invention® 10 e
presenWQ éivzs9éi on relates to the fabrication of sem conductor integrated
circuits (1Cs). Mre particularly, the present inventiRIT/OSiabe3 to a
process or nmethod for controlled etching through an I C structure which has
two or nore materials arranged together, and where the hei ght of one of
the materials may nesgrd anB 2 Ehgé d relative to the other materials.
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20 and/or etching steps maybe enpl oyed Byway of exanple, one nethod of
etching is plasnma etching. In plasma etching a plasma is fornmed fromthe

i oni zation and di ssoci ation of process gases. The positively charged ions
are accel erated towards the substrate where they, in conbination with
neutral species, drive B GHd BOHIRGLARRS- | n this Manner, etched
features such as vias, contacts, © maybe fornmed in 25 the | ayers

of t substrate. Recently, shallow trench isolation (STlI) has grown in

‘popularity as_gfte(i%ref erred nethod for formng a trench that can, anong
- ot her applica gsentangentioncelatey td el R atib Qé* gual, transistors in an
S ﬁ%é e%b%tdgﬂﬁlf’@mﬁte‘é

i ntegra | { tar El ecirical isolation i 0 current

| eakag et{%g?i\i/\éegﬁgi' \A%Ioﬁf’eﬁaé%"é’hﬁ‘ﬁ’d theireessnt igventiontreluies ﬁapﬁ&&@%}}h@gaki ng,
convent ifmmwaagngm%p%qe@“ shab’lég trench isolation feature

i riclude:  formng a hard sk ‘over ™ g@f@ﬁ?rr@mhn&t@j@s, patterning a
soft nadRaREFdIog @dﬂhﬂm&bh@ﬁ&ﬁd&&&%ﬁﬁ@iﬂﬁﬁﬁb t%{{%ﬁh the soft mask
to fior Whﬁdﬁﬁ&éﬂ@éﬂﬁg%{%%% sk, and thereafter etches th geted trench
| ayer to formthe Sha ﬂﬁF’F‘E’ﬁWS

panet display or an integrated civenit such as 2 memory cell, multiple deposition

20 and/or etching steps may be employed. By way of example, one method of etching is
pﬁlasma etching. In plasma etching, a plasma is formed from. the ionization and
dissociation of process gases. The positively charged ions are accelerated towards the
substrate where they, in combination with nentral species, drive the etching reactions.
In this manner, etched features such s Vias, contacts, or irenches may be formed in

25  the layers of the substrate,

Recently, shallow trench isolation (STI) has grown in popnlarity as a preferred
method for forming a trench that can, among other applications, electrically isolate
individual transistors in an integrated cireut, Electrical isolation is needed to prevent
30 current Jeakage between two adjacent devices (e-g-, trausistors). Brozdly speaking, R
coanznﬁonal methods of producing a shallow trench isolation feature include: i
forming & hard mask over the targeted trench layer, patterning a soft mask over the I
hard mask;, etchingthehardmaskthmugh the soft mask to form 2 patterned hard ‘
mask, andthemaﬁeretqhingthemrgetedimunhlayerto form the shallow trench ' |
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SEP 201 WO 01/ 75967 PCT/ US01/ 09564 hard mask, etching the hard n%slﬁ 9
t hrough the soft nask to foama patterned hard ask and thereafter etct‘ﬁEﬁg il

the tar ¥ &H’¥¢%nch | ayer to formthe shallow trench isolation feature.
Subsequent | the soft mask is renoved (e.g., stripped)r@nusedmsssshal | ow

y
trench i sohﬂééméﬁ*:fe@hingrt’eehadbﬁﬂkﬁd ' dielectric material. Figs.
1A - 1C arg eross, sectional views g@?ﬁ@%%@ﬁ?f%ﬁaﬁpw:}ﬂﬁdﬁeps t hat

aybe used 10 ¥oImt—¢ WGWWME#@&&MMMWE%% 6&3@&@&#@9 initially to
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e
Fi ure g idofstiohf&@dt@rel guﬁi_ta&wsag ical layer slack 1 art of a
substrate or sem conducto tﬁ%@mm%kwkﬁpﬁ@a@@&g of
i |l ustrat mwwﬁmmnfaméﬁ&cﬂ-ﬂﬁ@%g%é the 10 bottom of |ayer
stack s10. A pad oxide |ayer 14 is forned abo cﬁqmefﬁﬁﬂl»ayer 12 and a

tirade layer 16 is formed above pad oxide |layer 14- In npost situations, the

pad oxi de Ia;ﬁgs,i;[g_u;;@q,[.eaé}ués inteéerlayer that is dosed between the

nitride L}g er and the si icong&ﬁg r‘?wﬁﬂflthfé}ﬂﬁﬂﬂéionﬂpmédé%teﬁ% eate a

patterne F gsqdeleifonm stallpwdrenio H6laf; Q&Lﬁé nd nitride layer 16, a
cglypa erﬁ‘&ﬁ

phot or esiyst r,18 i s deposited an PO tnifadly 15 Figarev ent i onal
photol it ﬁ?bFﬂaeg%‘g %?%ammﬁmwﬂmeﬁpaﬁoféﬁ%@ﬁ rni ze soft mask
i phot g’?’é@f]&c

openi ngs walkd (Ko Aefviio W are created in § “ayer 18 to
faciljtate Slgbsequent sglgﬁl n ddstlidondayer a3 &5 Beantyfggat ur es, as
vel | *hs Poempellarerstask 10N Agadeslide '{Sf'gﬁ%%%%on are well known to those
skilled jgpg; of mat 1 onvoflifonlayerd@and al 0, nitride

hks 203{%' | owi ng t'he
| ayer 16 an ad ofﬁ%ﬂn oxe Bakonidedayee 14 hmb&l},ﬁqaﬁ&sgﬂhgﬁgf a. hard nask,
whi ch ideiwﬂamwaﬁﬂerﬁﬁwﬂ%gﬁ{@ oggni ng 24 and a W de ha Fdesk openi ng
26, as seen _in Fig zZ$. The araﬁ!&ﬁ "%%hﬁ#g%tﬂdﬁ&}ﬁbatﬂmegma&ﬁern t he

trench 'nmﬂmindrdmmtbh@aﬁﬂ; wh %ﬁﬁ%@gh O(ra]t gg gn

- 18 is deposited and patterned using a
conv.entxonal photolithography step over pitride layer 16. After Daitetiing, soft mask
opeuings 20 (narrow) and 22 (wide) are created in photoresist layer 18 to ;'aaﬂitate
:subsequcnt eftching. The above-described lzyers and features, as well as
wmvolved in their creation, are well known to those skilled in the ar,

-
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the processes

20 L i
Following the formation of layer stack 10, nitride Izyer 16 and pad oxide 14

are subsequently etched to create a hard mask, which includes a namrow hard mask
openfng% and aw:idehardmask opening 26, as seen in Fig 1B. The hard mask
openings are used to pattern the trench during etching of'the silicon Ia-

lyer. For the
most I i f |
part, etching stops after reaching silicon layer 12, however, 2 smal] pottion 28 on

the surface of silicon layer 12 is typically etched away during the etching of Pad oxide
Iayef 14. Moreover, a g2s chemistry that inclodes CF4 is generally used to facilitate |
eIGl'Ll.ng through the nitride and Pad oxide layers, Typically, the CF4 chemistry stches
the side walls of nifride layer 16, pad oxide layer 14 and small Portion 28 of silicon
leyer 12 anisotropically (i.e., substantially straight down)

3o

on ] .
" -c-e hard mask openings are created through nitride layer 16 and pad oxide ;
yer 14, silicon layer 12 is etched therethrongh fo form shallow trench fsolation

2.




the surface of icon layer 12 is typically etched away during the et &hiSt§ a8
pad oxide |ayer 14. Moreover, a gas chemstry that includes CF4 |s

gener alYY04&¥§7t o facilitate etching through the nitri dﬁ%ﬁ}g ad_oxi de
'ayers. Typi cal qu, the CF~4 chenistry etches the side 01795641 ¢ ade

[ayer 16, 5% nmvafmmmmmmﬂdbmﬁéﬁm%ﬁqgﬁwr 12
mask

19
ani sot r opjgatrl Yoo lifv € ome SUbstantial |y straight down)” 30 Once S
openi ngs ar eﬁ%ﬁggbéggﬁ%ojﬁ‘ nmﬂédeﬁﬁ}k@%i%’@mmmﬁdﬁmd ayer 14,
silicon |etsteng fRough thé sitiesh fabg! & shal J trench isolation 30
SEP 2004 Y0 01 75967 PCT] USO??B?E%% Eﬁﬁﬁéﬁp%m%r B & 16ar r ow
feature 36° Y dee Tmaved, deaSihg admenelndisposed i he iR on faver. jgé,% 1y, a gas
i tat

e,
chem st r \ndBaer| hg? ndjor .HBr ,is used to faci et’chi ng
t hrough t he S|eir’|ﬁc1(g)n %}%?Qé@% pleqige matenal eysh 2s kowrideife.fi,gs. | B & I C,

t he mask TEBOSrs campletettio Vahatisa N 1o &q#&ﬁ i sposed in the silicon |ayer.
Typi cal | éﬁp%z?? reafter, the trenchegﬁgg)e | %Iafa%gf“hf‘%\g € ric material

such as etglpis gontrolleg@sy festionopthe eehidteh B! i@ O imbiig shal | ow
trench i goligbi@Rlvedi Db the depth of the etch is controlled as a
fimetion of the e‘tre&lgra\?ﬁ C gﬁﬁit?k"?&hiwé&iyhe anount of tinme involved in,

applying the etchant chem stry. 10 Anong nany process applications for STI

techpj ques, the formation of Dynam c random access nenory (DRAM is one
co exanpl| STIOBRANICY Frogess applicasions fon STitealntiqne, MR TonyatioRAY) fOr personal

conput er lq%ﬁ ' _ Me I,s the network of electrically charged
poi nt s i% WA Swgﬁ%ﬁg‘?%ﬁ%Mi%ﬂwmmmle DRAM iigna kind f or m of

G and | of raitondasteRQn@asry TRAM) fob %ﬁf Sar can access any part
““yof the ne or.data storage spagée!s H%%&ug&rggﬁ%ev ﬂnﬁgMaeﬁﬁflfo proceed
t

sequent i'd r LA Smmommb&mﬂmaﬁ%&shﬂicﬂ}a unl i ke

static RBAbMsLEERAML intheree Vi to have its storage cells refreshed or
given a new el ectIPom;l‘?c chdeﬁbgggcg\i/}%r BT 1reans dhat dbe PG prosegponer !, t wo

t ypd§ of°aR aeogsy anygurta ¢the mmedotyor A MotRie b difeb i ratiet Xnan having to
proceed sequentially from some starting place. DRAM is dynarnic in that, unlike
static RAM (SRAM), the device needs to have its storage cells refreshed or piven a
new electronic charge every few milliseconds,

20 In general, two types of struchures are used i, DRAM manufacturing: (1)
stacked capacitors, and (2) deep-trench capacitors., ¥na deep-trench capacitor
stractirre, a poly-silicon material is embedded within (or adjacent to) a single-crystal
silicon material. A cylinder of oxide material is formed adjacent to the poly-silicon
material to thereby form an outer periphery (or collar) that extends to a certain depth.

25 Notethat in a DRAM cell, the collar is used in the formation of a capacitor that stores
a charge. 'l'b.ls charge is the physical oceurrence of the data being stored in memory.,
The collar is an integral part of creating this capacitor cell, The collar serves as an
isolation stracture that allows individual contact with the memory cells, The collar is

forined after most of the cell has beeq manufactured, and is germane to manufactore
30 of this type of deep trench memory cell,

The etching process is thereby complicated by the need to etch both a single-
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stacked capacitors, and (2) deep-trench capacitors. In a deep-treacih SEP 2004
capacitor structure, a poly-silicon material is enbedded within (or

adj aceWO BL37963 singl e-crystal material. A cylinder of wq8auUmdg ial is

fanned adja to the poly silicon materi al totherebyforman out er

peri pherffh(s%’i%ﬁ? éﬁpmcﬂu@hsmﬁmﬁhm >pirhe Wafee, that in a DRAM

cel I, thes&edvedlasi on .of Ca acitor that stores This
o e 58 4 R o

charge i s the physical ‘occurrence Gﬂ'ifrii“&ﬁermry, The

[
collar i slmhrlyﬁtag:hedi. Toahé erdl] themRatHed drel didieg The col | ar
serves a i solation structure that all ows?@?n vr%ﬁéﬁ?d%h‘t act with the

" menory c F?“Th&“@éﬂ?"a‘?“ﬂg %Pﬂdﬂt‘diamhmﬂﬂammﬁa dve tigettbhddagrhaen
manuf Act gt efcrafdthi | nuf act u 30 of this type of deep trench
nenory cel IIg The etc %ﬁl{gagﬁhg%ess g“"f”h‘@r"e : t?!

rdeprics. che need to Etch

both a ﬁtﬁtgﬁgpmeSWMWﬁﬁiﬂﬁ gﬁﬂtﬁ%& @ffmo% silicon
subst ancg gnd a po é silicon substance w thin™th jsamne Mor eover, @as
t he etchﬁB Ridicen; paby-apitilkine sik anﬂ;fbﬂiﬁdmand must

sim | ar |diox@e @cﬂg&idehjt the end, the trenches are etched to a certain target
dept h. However a certain anmount of the oxide collar should remain above |
the etched surface for operational and contact purposes. Hance, in order |
to %ch suchha devige, the etching process nust be able to si rrultaneously
etch t hrough; “cﬂrﬁ éPE licgtions; thecthingpro ceéﬂi@laucﬁlpmtt@g{chne silicon,

pol y- crﬁsﬁa{ﬂm t,éﬁ;,q,g |II 0Xl. . e oxr de"). 10 In a
08 & atlons éd%m 5‘§

majority .of prior art app WaRIsHhe attenpted to

etch doWﬁngwwmtwme ‘%ﬁ ﬁtﬂsﬁ%&\%\ééﬂ# n f that
etches™a

|

e g e e hgee ibee%%@%“emééééa iyl it oty at s for e ;
|

[

exanpl Wﬂ@)@sdﬁ%ﬁ%l%hb%&uﬂ% Asle] X%Slll i co and/ ()tigaoigdg)es?fed

cIose to to-1 as possible, a tre

t dﬁ“ﬁﬁ‘l 9\’ mampironemcssapp Tjﬁtslg 3 ﬁg ?c{csssr ng: e pr;)cesz
s ep i [ el y an onsum 4] 5 npl enent an
execut e : : n ugtiT li""g’rF gﬁ‘é”"s‘%@ﬁn‘g §a%ﬁm1; M tEd@xectie. PPl | cati ons

have "t roubl e

In nsing such ane step approaches, however, prior art applications have tronble ’
tedependently controlling or modulating the height of the colla.L (or other such device
20  that might extend above the Jevel of the etched plaze). By etching all materials
simultzueously, the entire plane of the efched surface will E y be at one depth,
Mﬂl no differentiation between the etched height of the different IC structure

mmaterials.
25 Still anofher prior art fechmique nses a hard mask over yarious sncface areas in
order to etch different parts of the surface dowa to different levels. While gemerally
effective to isolate surface ateas, this technique is relatively expensive and
difficult to imuplement. Extra proce'ss Steps are involved in placing and using the mask v i
over the surface, and such steps add extra expense aud difficnlty in implementation. | |
30

A further prior art tecknique that might relate to the soliution proposed by the
present mvention involves the fortation of deep trenches in I¢ materials. Tn order to
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30
I ndependently controlling or nodul ating the height of the collar (or otgﬂc)armﬂ
such device 20 that m ght extend above the | evel of the etched plane). By

et chiwe @lissgrat eri al s si mul taneously, the entire pl anecafusoivesses ched
-surface will geneany be at one depth., vvith no diff.erentiation bet ween t he

etched hej a@%i& qﬁﬁjher prior
quéat\fl%bladg%] WSL ﬁ%\}gg |ou’s sur ace ar eas |n ér to etch

art tecH

differ enhepmbéﬁsm&hdsmwmwmﬂﬁmmuebwﬂmmwe general ly
effective.to |solate surface eas, hls teéhn eis relzglvely nor e }
expensi Veeaghgh ﬁ% Y& e involved in

nggingg‘gﬂg g ?@CWW ‘?éeunsént ati1on. 30 l%H?lgrtﬁ%‘hﬁf’%r| or art ;(tezzﬁnl que |

t hat I5m wtchvﬁmmmpwmm&mmEaﬁnm ﬂ?xetghmralmuep:snbf&wegt i on "o

i nvol ves the formation o ren“ es ma order to

01/ 7596#@%@55‘9/%@5’6’&4‘?%39‘?% tﬂ%é‘?}'lﬁert‘ﬁ@%@e(‘?‘h@ 9§00 angst rons,’
for mcrg; r??ﬁee'}! &fﬁ&heﬁﬂ%&%'dﬁﬁ&mcﬁ%ﬁiﬁcﬁa&%hm&aﬁh gand forth

bet ween di mstries informng the trenc A first chemstry
woul d bevitisewh ftep, autioritingeh Aiffwensntienisty. Asriremlt, Bystechnigud dbepsotadded to

coat the . side e. st ure, ,Etching |.s again _pe d and 5 vice
versa u %WW%& gpibefo -%tg%chiaceq.ﬁgr = %ic{gﬁ&ﬁnﬁ%tbose of
thisg tabR&HG, dsper theihPtive tochhRuebaewal | structures of the device. Wile
the techni que swi'tches back and forth between different chenmistries, it

does not performetching wth each step and with each different
~ chemistry, are this chnl o s_not. addres hing different
Tymaterials tﬁi‘? %‘?“f&?%%h%Trﬁ ]%Fmé'ﬁ%'r” i gs"t%ﬁ%tﬁ ELgne anot her ,
as per tfb%t:h&ﬁ&%dﬂhﬁs fvﬂf&l’h@lﬂﬁa&jﬁé&%r é:ﬁbeaueay:ﬁ&teﬁﬂetd‘waamdmwni here are
desired |rrproved techni gues for_etching an | C structure that has two or

nor e (a@am yel. dipattisaley, stk ‘E‘%ﬂléd@'eﬂéhﬂéf’énégf’ﬂm Qt'é‘na’ftarget | evel .

I gnﬁsrtl OVﬁ%g&%%&a‘Iﬁ) g@l%i%%gﬁh ter éd such as an %ﬁ, %g col : ar.

. The pr OQE&ﬂd allow use of either a resist mask, or a hard mask, while maintaining certain
profile requirements. Also desired are etch techmiques that miry be implemented "in

_)l_.ﬂ)
=

situ" (all processing performed in one plasma processing chamber), or "ex situ"
(certain isolated processing steps performed in diffevent plasma processing chambers).

20

Summary of the Inyention

The invention relates, in one embodiment, to a process or method for etching a
25  trenchin an IC leyer that might be comprised of several different types of materials.
Certain IC structnres, for instance DRAM devices and the lke, inclide certain types
of materials that might be embedded within, or arranged next to, a different type of
structural material In order to form functional devices from these IC structures, a
trench, or series of trenches need to be formed within the materials, Techniques for
30  trench formation and/or device isolation inchude STT and the like,

To etch down through 2 variety of materials, prior techniques have employed
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shoul d al l ow use of either a resist mask, or a hard nask, while ngll_mthpl@g,,
certain prof le requirenents. Al so desi red are etch technl ques that may b

| pl engyd @fysesd tU” (all processing perfornmed in one pl gg,g}-bﬁgy #snsaldn_g
in

chanber), or "ex situ" (certain isol at ed processing st

di f f er ent etfhaas iRenisHeemst 468 c5ABRRE @:r&gﬂlﬁ] e BE iy ntion The
I nvention relates, in one enbodi ngnt, a process or&ﬁea{s%g for etching a

trench |ri“?li‘ﬁ"?lllﬂﬁ%’*}é"ﬁe-tmlmmprb@m@msﬂdmmm@daﬁw&kBent types of

R e R e A

arranged mﬂ&ialsﬁg ingetdhéd erent type of structural material- In order to
form functional deV| ces fromthese IC structures, a trench, or series of.
trenches need to be formed within the materials. Techniques for 30 trencH

formati on and |nclueSTI a he |ike. To etch down

t hrough a vari et? o%hq'&fenﬁgﬂwﬁ Ky &ggm,fgggtc Bias chsraistzigs SEP 2004

WO 01/ 75@&10%%@&&6&5@@3&1@%6&156&%%) % e?{oemaﬂ?ﬁgg of etching
al rate IS 1eads to

t hr ough gl of the materials at a relatively €qu

pr obl ens OB R & multhsubstange strusterg, %ﬂagﬁn@albtaplphcmmﬁmuﬁbh&ﬂle

dlfferen5Il _ ning_th i | of the structural

materi al s }’%&%&% %@#té%?h "? 3?&‘%5% derthe frmation e chni que

wher 8 n shaHowthehches, mmmaﬁmag end RE0LG GAﬂ%F{ Hn%@ %3'?&)‘1‘ among two or

nor e chemstrleigsﬁln order to etch a trench own 0 a ti-substance
e

st r uct urGTRRioF nerally applicable to the formation. any sized
trench, the present application is particularly useful for the formation of
)10 shallow trenches, i.e. less than 2 mcrons and usually within the range

01y T i et S el ' ) AR EL 0000
br eakt h%ﬁc@%’:@@tmﬁ: de an AR openandfor'Ereahhroughstep Thereafter, a first
15  etching chemistry is applied to the IC structure, whetein the chemistry preferentially
etches one type of structural material. A second step is applied which toggles back to
a different type etching chemistry that preferentially etches yet a different kind of
structural material. The process is repeated thereafter until a target depth for the
trench is achieved within the structaral material., By toggling back and forth, 2 more
20  efficient etch can be achieved through the two (or more) different types of structural
materials. This techmique can also help fo preserve a layer of photoresist over the
cnﬁ:re_IC stractare, which might be etched away using one-step etching techniques,

Additionally, the us of different etchant chemistres allows 2 certain type of
z5  stmctural materal to be modulated (or Preserved) above the level of other mategials,
without the use of 2 hard mask. For instagee, deep-trench DRAM, devices use an
oxide collar (functioning as 2 capacitor) which is embedded within surounding poly-
silicon and/or crystal-silicon materials, For access and testing purposes, it is degired -
to have 2 portion of this collar extend above the target Ievel of the trench. It is also
30 desired to preserve a certain shape (rounded or otherwise) of the exposed collar, The
foggling method allows the trench to be etched down to g target level, while leaving a
desired portion of the embedded materia] (collar or otherwise) exposed zbove the
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15 etching chenmistry is applied to the I C structure, wherein the Be§Et 004
preferentially etches One type of structural nmaterial. A second step is
appl i &0 76T t oggl es back to a different type etchi nFHREH Sy t hat
preferentially etches yet a different kind of rstructural material. The
process ievelsfithattehbdsneendivgmatenial.| a target depth for the trench is
achieved within the structural material, By toggling back and forth, a nore
20 efficient etch can be achieved through the two (or nore) different
types of strugfhfabne SRLGaESShe bheskrit ihwaHoh G tadpricelattds thiehge b preserve a
| ayer of photoresist over the entire |IC structure, which m ght be etched
away Usi agetohingséckpiqee tisi switthes hedkopnd Jortnbetmern Aisferept eleh@t yse of diff er ent

t chant chemi str| | | t ai I I | at ed
or o veTheTRBBIgR 1 O B EPeTH  GrATGFohih b P GErd i Bra BB, 7 L o

. mask. Fofek: &%‘i‘&eﬁ Mﬁiﬂrﬁ'ﬁ@&mwxi de collar
Sf&%ﬁg‘fﬁ%‘apam tor§ whi ch i's

(functioning as _ enmbedded wi t hin surroundi ng poly-
silicon and/or crystal-silicon materials. For access and testing purposes,

it is desired_.to have a porti of this collar e 0 e target

| evel of the & .erl"‘id"?igz%%fodﬂ%ﬁt&ﬁ?éﬁvgﬁh?n&s&ee%g%go?%cee?&t&a?n shape

(roundedhﬁﬁ#&sﬂg&’ﬁéﬁ Rt RRIEYARS Ble ¢@aititain THrGrofile gginiegiensiafod al | ows
ch, 'to

the tren e etched dowmm to a target level, while | eaving a desired
port ion the cohmonedtstiuurahmaterialsl Onsdynent mterinl pan Hpsks medplateddt apove t he
-6_ 30 SEP 2004 ., V\ngll §5967 PCT/ US01/ 09564 , evel of the etched
surroundh?’rghtr?"ﬁ@?’??ﬁ ne pat *advant age of the present invention over
the prior art is the use of an etching technique that swtches back and
forth between different etchant chem stries in order tog%éai eve a target
depth and nmi Acesniingde oheiaspestof fhepresent piventiones mefpodds pro¥pdeffos ypes of

etched materials ¢co I Si e.etc t . grhﬁ] r vant age of
-the pr esSFHEBSARAIN ‘Egg‘ﬁ’g abi ""E@tsoE use dgi tg‘rgtna "ilar élr%a or a

resi ¢ NBRKctutibibd Bivitel I'8rsPédntpdpentiatetiel ated, med stledst 4 secondjcomponsnt s of 10
the conponent structural materials._ One type of ma erla,aﬁle%e%o%l so be
modul at echatemial mgnmeémm@qt@ﬁq%wnmw

comprising: (1) applying a fizst type of etching chemistry which preferentially etches

the first component material ares; (i) 2pplying a second type of etching chemistry

which preferentially etches the second componeat material area; and repeating steps

0 () and (i) anil the certain target depth is achieved, Wherein certain profiles of the IC
structure and ifs comyponent material areas are maintained by toggling back and forth
between the etching chemistries.

According to another aspect of the present invention, a process is provided for

25  etching to a target Jevel a portion of an integrated cireuit (IC) structure comprised of a

phirality of different types of component materials, the process comprising: ()

applying an etching chemistry to preferentially etch certain types of the phurality of

component materials; (i) applying an etching chemistry fo preferentizlly etch certain

remaining other types of the plurality of component materials; repeating steps (§) and
30 (i) until the target level is achioved, wherein certain profiles of the 1C structure and its

component material areas are maintained by toggling back and forth between the

otching chemistries. '
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According to one aspect of the present invention, a nethod is pro$igedrpag)
etching a portion of an integrated circuit (IC structure down to. a
certai n WA03Fs96dept h, 15 the structure having a first component materi al
area, and at |east a second conponent material area ar mOERMsgfate to
the first conponent material area, the method conprising (i) applying a
first type of ﬁ%%?hﬁﬁ chem stry which preferentially etches the first
conponent mat ert @ﬂlﬂr@ﬂ\ra)l é}g %&% t“%/ﬁe of etching chem stry
whi ch pref gaan T%“’O}lo tch Ee seco cot?%g B éWmﬁappmmuﬁd
repeating steps 20 ?ngﬁﬁi@% ﬂmwbﬂﬁs &gﬂ#ﬂﬁ% depth i's achi eved,
wher ei n ceflwingsprofiles of the IC structure an e nat eri al

ar eas e mai ntai ned by toggling back and forth between the etching

chem stries. According to-another aspect of the present invention, a .
process is provided for etching to a target |evel apartion of an
integrated circuit (1C structure conprised of a plurality of different
types of conponent nmaterials, the process conprising: (i) applying a a :
etching chem stry to preferentially etch certain types of the plurality of
conponent materials; (ii) applying an etching chem stry to preferentially
etch certain remaining other types of the plurality of conponent

materials; repeating steps (i) and 30 (ii) until the target level is

achi eved, wherein certain prof iles of the IC structure and its conponent
material areas are nmaintained by toggling back and forth between the
etching chem stries. 30 SEP 2004 WO 0] 175967 PCT/ US01/ 09564 These and ot her
advant ages of the present invention will becone apparent upon reading the

yfollowi ng detailled descriptions and studying the various figures of the

drawings. 5 3 1 SEP 20 WD 01175967 - PCT/ US01/ 09564



Brief Description of the Drawings The present invention is illustrhtidSgy 2
way of exanple, and not by way of Ilimtation, in the figures of the
accompmoy7ae7 dr awi ngs and in which like reference niYE§03/0p¥6Rer to
simlar elements and in which; Figure IAillustrates a cross-sectional view
of a layer stack, repreJimelDesceipt etlamiagser s f or med during the i
fabrication of a shallow trench isolation (STI): 10 Figure | B shows the |
sanme | ayer stack of Figure I A after a bard mask has been etched through
the nitride B bR iaSRERatel b Waf ofeanity) asd fof Biewapse | ayer stack |
of Figure ‘1A after a shallow trench isolation_feature has been etched .
t hr oughlitniteticx, i the digheey of the pEcamimpnying Zravwings and ip whidhdiie referepseexanpl e 1C |
structure used in formng a . Lce, before Figure 3 is the IC

st ruct Lﬁ%nﬁélgﬁcﬁeﬁt" r%%%’%gﬁ @ of Figure 3, aft 20 e Figure 4 is '
the 1C structure used in formng a DRAM device of Figure 2, aft initial |

cleaning and etching steps have been applied. Figure 5 is.the |C structure,
used in Fi gwm,lﬁaﬁmmtawweﬁwab@@w of @ 1a36¥ phak, TeRTeSEpHRE SAMB0se t he

oxi de c¢ ar material s.. Fl Wb f ToINy ppyre 5 after a |
first e ?#ﬁerétfglamﬁa@nﬁ%g% APp P%gfgwﬁl cﬁgi S prie}%lgﬁé%@l'gp'. to etching onl yI
the oxide collar. 30 Figure 7 is the enbodi ment of Figure 6 after a second!

etching step_has been applied which is preferential to etching only |
nmat®rial s suFigws mmmemm%?fﬁwéém%e%e%hﬁsé’s% material.

i
PCT/ Usoééﬁg%u&&%%ﬁeﬁﬁﬁoﬁﬁ@ﬁwm of Figure 7 after a third etching

step ha |

Figure 1C depicts the same Iayer stack of Figure 1A after a shallow trench |
isolation feature has been etched through the silicon layer. |

Figure 2 is an embodiment of an exaraple IC structure used in forming a : |
DRAM device, before etching. \

Figure 3 is the IC structure used in forming a DRAM device of Figure 3, after
20 etching.

Figure 4 is the IC structure used in forming 2 DRAM device of Figure 2, after
initial clezning and etching steps have been applied.

25 Figure 5 is the IC structure used in Figure 4, after etching has been performed
to first expose the oxide collar materials.

Figure 6 is the emmbodiment of Figure 5 after a first etching step has been
applied which is preferential to etching only the oxide collar. i
30
Figure 7 is the embodiment of Figure 6 after a second etching step has been
applied which is preferential to etching orly materials surounding the oxide collar
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appl i ed which toggl es back and is preferential to etching only the 2o &P ?
collar, Figure 9 is the enbodi nent of Figure 8 after a fourth etching step
has b@gje1isbegd Whi ch toggl es back and is preferenti a %g@g onl y ;
mat erial s surrounding the oxide collar material” 10 gure I's th '
enbodi mepreghl FLgure 9 after a fifth etching step has been applied \/\hi ch
toggl es back and is preferential to etching only the oxide collar. Figure -
11 is the enbodi ment of Fignre 10 after a sixth etching step has been

appl i ed whi ch..t oggl.es. back.and i referentjal .etching . only materials
sur r oundi ng %igurtg'%és&?isﬂé°@’m‘?‘é\?&’r§{r%3 gﬁ"}'& ®H a target |

dept h. FRipgliéEwiih téppldd ®aihads pR rémﬂml e@diﬁ:rfg enth et ching
step has been applied which toggles back and 15 proﬁ%regﬁl to etching ;I

only3the oxide collar, and servcs to finally etch and Shape, the collar .
down to a desired_height,2Q Fi 3( show certain perspective and
si de- Cut vi e 54288 @Wﬁ%ﬁf@%&éﬁr%wmﬁwmgm accessi bly

ext endi Rgp Qggfegﬁ w ctural
rraterrals V\DOl/? 67 Detaile Descrrptron 0 referre i ment s

PCT/ Uso freuddseofimemptegslent i nvention will now be described in detail with
reference to a few preferred enbodi nents thereof and as illustrated is the
acconpanyi ng drawings: In the follow ng description, nunerous specific

detabls are Exgb:émikﬂlddmﬁbﬁmntbﬁ@ﬁ:@‘yﬂ@rﬁﬁf&w andi ng of the
to one sKi

present i It will be obvious, however ed in the art:
that t h&PRHFE il terleshuck Andis prrerentind ta erchingionlydhe oxidereoltar, al | of  t hese
specific details. In other instances, well known process steps have not
been described in detail so that the present invention is not

- unnecessar i |Bigureda s e embodifiear hﬂ&%ﬁ.ttﬁ%td?ﬁg" St&fsBle £t Chi NG

process_t ack and fort betvveen different "etching chem stries
in orde® F%[V 1 ﬁ"%f‘isg’i‘ﬂﬁﬂddé prefererpiablogic hingordy materials surrounding
15 the oxide collar material, and etches down to 2 target depth.

Figure 12 is the embodzment of Rigure 11 after a seventh ¢tching step has been
applied which toggles back and is preferential to eiching only the oxide collar, and

serves to fimally etch and shape the collar down to a desired height
20 '

Figures 13(a)-13(h) show certain perspective and side-cut views of the IC
structire as formed, with the collar accessibly extending above the target etch level of
the surrounding structural materials.
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. . . . 30 {Si’.P Fit
nore different kinds of etchant materials. Various IC structures m gh
arrange different substrate materials adjacent to each other, or enbedded
wi t hiWO8a@sP6dt her, 15 according to the needs in for nPRYCEHAY$4unct i onal
device. As a result, the etching ocess Wll have to etch through two or’
nmore different subsfgklige escrinG FELE TR HMUOTHREE down t hr ough such [
adj acent/ enbedded materials. In particular, DRAM structures - using
deep-trench capacitors or the lice -- present a structure that includes [

potential |y Uhepeesehtfifnantion withhew baklesctibedin detailreih tefercungiio gifew. singl e
crystalline sjlicon, 20 poly crystalline sjlicon, and/ pr an oxide collar).’
\Wher ei n PErferesgrabadients fhegso @m%m@%%m%‘&%&rp t hrough all .
substan ' t Aneaus [ D : 'gﬂﬁﬁ ' Eﬂ& d ig@yer etching
one Bsuggetsfg é‘gwcﬁ? erreuﬁ%"‘ly?/“%#%%sg%%?ﬁgr. %étgée(ﬂaﬁéjﬁt e %ﬁg?gr)f’tld?%vent i on '
provi deshdréighiindepentihpof tegmesshtrinestivha it vailldbeudbetbos,dopreéretcerds al | y et ch
different. materials, These chemstries, are u?spgd {1{3 fn alte n%ti ng fashion
as manySiifigdin Be apfethy %P‘S‘?SW}WFB%?“WI’%\E‘WFE 7 Eﬁ&e?feag][ t hr ough t he

plurali RicdetaAlsS In Féeriithdcl wmmu?}e dsQLibpk hale hyesent he
chem stﬁégg%pet@he \?Eea?itsl cal profile of _the | s‘t:ru?%ﬁt}re Is sufficiently
mai nt ai degribédinadeial so thitdheproscabinventionds notamhecessarily obscaredbe control | ably

|
|

|

. . . |

etched in 30 such a manner as to | eave a desired (accessible) anount of thg
I

|

oxi & above the surface of the surrounding materials |1 3 SEP 201 WO

01/ 7967 PCT/ i = i
ﬂgg&pﬁg%&;{/@ﬁ?ﬁgsﬁ ethERME biored Bt tagdlQ@Wack 8hd fdthi N9 a

phot oresi st ma various | ayers of 'the I1C structure. The

et chi ngbe¢twebmdiffecentictching chenisixiss énordghtogeachtatergshdapth Griugh twask, whil e |
S 3still, etching it,.to prqvigde a.successt result ' echni ques have !
-)used a %Fﬂ%?tm& ’F‘@&Eﬂ#‘ yﬁﬂ?ﬁ%&ﬁ%’?’%ﬁ% he using the |
phot or egjffeed: BuLER miter bohProlcaeh 616pH, br anBédikd hehihiachbttiche col lar.

|

Hard however, add considerabl e cost and conpplexity to the_etching process. !

Al sd5 t arsordingitsl the needs imfogmingshat fungtional dewinee Asaeailt, et cneral | y be
used mﬁﬂc@s@ rw%ﬂ%é?o etch through two or more different substances in order to form a
trench down through such adjacent/embedded materials. Tn particular, DRAM
stnictures — using deep-trench capacitors or the like — present & structure that includes
potentially three different materials to be etched through (i.e. single crystalline silicon,
20  poly crystailine silicon, and/or an oxide collax).

Wherein a single type of etching chemistry can be used to etch-ﬂ]rcugh all
substances stmultaneously, this technique provides no control over etching one
) substance differently from apother. Instead, the present invention provides for
25 specific chemistries that arc used to preferentially etch different materials. These
chemistries are used in an alternating fashion as many times as necessary in order to
achieve a tarpet depth through the plma:ﬁty of materials. By switching back and ‘forth
between the chemistries, the vertical profile of the IC structure is sufficiently
maintained. Moreover, the aforementioned oxide collar ¢an be controlizbly eiched in
30  such a manner as to Jeave a desired (accessible) amount of the oxide above the surface
of the surrounding materials.
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are enployed. 10 Hence, two primary advantages of the present i nv@nbBi &P 20(
over the pI’IOI’ art include: (1) The ability to use different etching

cheni WA P1E8%7and switching back and forth between t RGHUSG/0a¥HI eve a
target depth through nultiple nmaterials while certain vertical profiles of
the IC structl]le@res(em}mYmoaBISDﬁﬂwsﬁrhaenglpmreasﬂmsﬁpﬂm&ow a

phot or e st Nas for at.on, .an dul at. the fin he| ght of. i
15 the co iﬁ”"@s‘?ﬁ‘ﬁf’a@ﬁ‘?@ﬁfﬁ‘é tcg%&ﬁc%g*‘ﬁ@e?ﬂ#@%?“ﬂ%ﬁ?w ©ft he et ched

trench Iﬁéﬂwumagsﬁaxgk{,ﬁhﬁégm 1?% pRvite Wbl redli@ i 200 is shown 04
an | C structure prlor to etchi ng his structure incl udes arranged to form

a deep tFdAKNcEhayEISeh hisdmask (i @@i@e@umdcw)m\nmmmhe exanpl e of -

B e bbiRtin e Boaldb wh b w0 HeOEbE Bl i Bt R T " 2P

. denonst haweveayaiidecopsidézable best piiceomil Sﬂiddmhmggrb&rss Afsostuguct ures woul.d |
al so benefit fromthe descrij bed t echni que. The structure s covered by-a -
| ayer of RIS tErhEAIueof uspE a photeresistogunnt ganesdlytonsed whembord niaser 204

i ncl udegy, [p@}g,g‘nlc BARC (bottom anti-reflective coating), which is a |
pol ymer tha I's used for patteming of the photoresist over nitride, A
nitride lay 206 is shown with gaps 207 to be used in formng the trenches.

Next, a thi ey of thermal oxi de 20% is fornmed. A first and second
sr=%0, 212 “f%t?"%?%ﬁ Yeztages offthe present myontionovertiie phot asben areas 214,

216, ang I Fﬁe&b@ so,.fornmed W|th|

t he strug]%&ﬁ?ea??g co ﬁdéé oxi d &drﬁrg%erla %ﬂ%%@# shown as
verti carth E&T@M@Wﬂdﬂ@&@qﬂ%ﬂﬁmﬂ@kﬁ%&mﬂeh suzround each
of the ~-Siligcon hi ticular cross sectional viewresults in
)0 5 R v ol s Bt 451 i b oxide
Mat er i dlard Madk drf PHotdesif iR 47 the HPliCRoh Und oiibidEn g WeBnad B2 of |
15 the collar (or siwilar structure) zbove the target depth of the eiched trench. :

=)

Referring now to Figure 2, a cross-sectional diagram 200 is shown of an IC
structure prior to étchipg. This structure inclades materials arranged to form a deep-
trench capacitor DRAM. In particnlar, this view shows an example of a perpendicular

20 wordline (i.e. gate conirol, or GC line) between deep trenches, While this IC stracture
1s used for example purposes to demonstrate and explain the present invention, other
IC structures would 2lso benefit from the described technique,

) The structure is covered by 2 Iayer of photoresist, or a photoresist mask 202.

25  The next layer 204 includes an organic BARC (bottom anfi-reflective coating), which
is a polymer that is used for pattemning of the photoresist over nitride. A nitride layer
206 is shown With gaps 207 to be used in forming the trenches. Next, a thin layer of
thermal oxide 208 i5 formed. A first and scoond area 210, 212 of poly-silicon materia] i
are shown formed bhetween areas 214, 216, and 218 of single crystalling silicon

30  material. Also formed within thie structure is a collar of oxide material (ie. TEOS
oxide), shown as Vertically extending deposits 220, 220" aud 222, 222", which
surround each of the poly-silicon ateas. This particular cross sectional view Tesults in
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13 (h) for perspective -nmews of resulting collar) Figure 3 shows gh% SEP 200
structure 200 of Figure 2, with simlar nunbering of nts, but
af t erwot0aiTeJ has been conpl eted according to the preggﬁf&i‘lﬁl‘\?g‘%i on. In

e Ereiomas v mbeu sl P EE S Baf e i@l V- of | oon
250. Th%ﬁ@@{fﬁ?ﬂ% ogc}i%%g?géf%%ﬁ%&ﬂkggzo and 222 are al so etched downwar d,

The end pr-ov Sired amount of the collar material 240
and 241 extendi ng above the surface 242. io The process al so provides for

the collar material _and vertical_surfaces, hay role to .
render the d&ise:@f#s_@ﬁwMﬁ%ﬁ&aﬁﬁbﬁ%ﬁ@%ﬁ@g%g& phot or esi st ,
mask 202, has . al gy to ssent Iamentioandnns t act,

e RiFaR SRE G ERa e HAs Lo 2Rl sako

and 15 successful etch. 15 An I C structure will of ten

come fr qmsadigard tuodingecrystaliine siliGyn rea 216 eud thepoly-glicaareig 210aPfer et chi ng ||
of the device) in a state simlar to that sho | R E such, the
upper m&lzam%;chmfe@%af%ﬁk Esr&ﬁmqﬁyaaéml%ﬁ;gf n%ggk I e.%f(t:h(%SI ectively i

conpri sin d Tde wid it prowides for ar esul ti n
08 e stk posies s ceul 10|
I

surfaces ea in order to apply the toggling chem stry

t echni quisieéd irheumioEgenbllnitenial 40 and 24extendme above, BEsudece - | eani ng (o
preparation) std, an etgching chem stryv ' S 02 will be
use?}ﬂtolmomﬁp ﬁ%&ﬂ;°&gﬁ‘§i‘ig?ea?%§kh&m Iewlegvmggéo Thi s -
particul ar %g,%’%]]g fhHRnAL the e). e any ratio Bing
fromap ?Oxf% e &6%9?0- to 5-to-S (i.e. parts C12-t$-02) can be used, a
pr ef er r gfhotaabdist hask|202 &as dse breh ctchedsomeavehat PEEISIPRRFesS PRFEFESat i on) step
will thereaft appl i ed .‘yvith et chingschem stry that includes CF4 and CHF3.
This chéResh %%@?P’T‘Geﬁ e zést of the nitride that is left
behind fromthe previous step. Aratio ranging fromapproximately 1-to-]|

to 8-to-1 (i.e. parts CF4-to-CHF3) can be used, wth a preferred ratio
i nclisdi ng 3- tmlcmm@eﬂmcmeﬁamé&rpwa&hwwwsr@ﬁ%{ ning (or

e el PEAATH A S s g2 £ e
per f or MEge%hs trbperm¢ B ARO liyee26(aid deegnittdelayar 206 Gihe. collastively - 13
comprising 2 form of mask) should be etched downward, and the Testlting surfaces
should be cleaned, in order to apply the toggling chemistry technique of the present
20 invention. As a first part of the cleaning (or preparation) step, an etching chemistry
that includes C12 and O2 will be used to etch away or open most of the upper BARC
la)'rer 260, This particular chemistry etches nitride relatively slowly. ‘While any ratio

renging from approximately 1-to-1 to 5-to-5 (i.¢. parts Cl2-t0-02) can be used, 2
preferred ratio includes 3-to-1. A second cleaning (or preparation) step will thereafter

25  be applied with etching chemistry that includes CF4 and CHF3. This chemistry serves
to remove the xest of the nitride that is left behind from the previous step. A ratio
ranging from approximately 1-to-1 to 8-to-1 (i.e. parts CF4-to-CHF3) can be used,
with 2 preferred ratio including 3-to-1.

30 It should be noted that this initial cleaning (or preparation) step might be
performed in situ with the toggling technique of the present invention. Alternatively,
the initial step might be performed ex situ, wherein the resulting product will resernble

-13-



SEP WD 01/ 75967 PCTrl Sal/o0s5 4 Figure 4, and the toggling techni q%reD ofEP

the present invention can thereafter be appl ied Referring now to Figure 4,
the r¥&ALHMF | C structure 200 is shown with the el EfEHUSSLAMer ed sim | ar

tothos |nth above. Th BARCIa er 260, th center nitride
porti on ?Rjizﬁhg ‘F&?‘“%q O|PISSERt DYFNAR Fan FtPBHedrhe  surface
242 m ght further contain residuals fromthe resist, so a subsequent short
cl eanup step mght thereafter be applied to clean surface. Such residuals

m ght incl uMmggnbwtoFgaiodUﬁie&esﬁﬂﬁagIﬁm&u&hm@ﬂdxﬂﬂﬁmﬁﬁhdmw s 406. A
short breakthrough is.used to c)ear_any oxr des o$ of the surface 402, The |
organi c &F&Pg’céﬁ@“?iﬂ ‘-ﬁﬁ? ﬂﬂ)@tz@,@z and 02 (as

per the Lali rem)ved g a CF4 and
CHFBrS type C m?%ry (2as per ?ﬁg‘h?&g?l os%g[g@eélﬁgg cI eaning * |

st eps, mmm&m@&m@mmmm@@mwﬁﬁ% et chi ng o
chem strj es, the fuss step_of the present invention i's applied to the 15

cl eaned® WW%@@@ figan Fcfpce ¢ Syl I&Sldlh@srmgh'ty of C12 and HBy

Upstep
oS8 S A AT SIS WA 0,

m ght bstqmseﬁedtmaﬂlmaﬂjmﬂwﬁqftmmhﬁ&m TRIR FesidBalR aRf erred rati o of
Ctho‘I?\f 8 de 1to-- &errl now to Figure 5, the structure 200‘
is &ai ‘f%q"rmt"ﬁ’é’ (@ parrthg rationskovedl. Nathee axidef ace 242 is
shown efesibefls Sfe WS v, QFE | em stry does
not preferentially etch The oxal&'ge mat%a %ﬁéﬁéaﬁgm"ﬁﬁ%‘ ﬁgnce t he !

collars 240 and 241 begin to show above the | evel of surface 242. Referring
now to Fi gu | G structur sh vvrth t he el ements nunbered
simlarly t aﬁfe&?ﬁ"%b W‘E@r‘%‘? %ﬁﬁ‘ﬂ@t aad forfh bstwesing chemistry |L
*SW t chektifftrentRtdhing e%&é Wﬁeﬂ:&% el ches the

QXI de nmateri aI 220 and 2 As suchb e surrace Eﬁ%&ﬂg&ﬁ:om w th i

i ndént &lerasksupigoe 247from &4 hh:thisgbp,eﬁdieh;u)hjdmmzlandﬁtﬂrhe oxi de col ums.
30 The(ﬁf&&ﬁ%ﬁé&ﬁ&)&g%ﬁe&%}g ye!tc%eso ﬁn_and gep’ory‘n order to .

silicon 210, 212 and crystal siticon 216 materials, While any ratio might be used that |
effectively etches the materials, a preferred ratio of CI2-to-HBr inchudes 1-fo-3.
Referring now to Figure 5, the structure 200 is again shown with the elements
20 similarly numbered. The surface 242 is shown etched downward, closer to the target
level 250. This chemistry does not preferentially etch the oxide material 220 and 222,
and hence the collars 240 and 241 begin to show above the Ievel of surface 242,

Referring now to Figure 6, the IC structure 200 is shown with the elements
25 numbered similarly to the prior figures, In this next step, the etching chemistry is
switched to 2 mixiure of CF4 and CHF3, which preferentially etches the oxide
material 220 and 222. As such, the surface 242 is shown with indentations 262 and
264 etched (generally) down into the oxide columms. -

30 The next step switches back to 2 mixture of C12 and HBr in order to
preferentially etch the silicon materials surrounding the oxide colymns. Figure 7
a2gain shows the IC stracture 200 with elenents numbered similarly to prior figures.
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preferentially etch the silicon materials surrounding the oxide coBufmSEP JI
Figure 7 again shows the I1C structure 200 with el enents nunbeged simlarly
to priveosfisgure - 14 30 SEP 2004 WO 01/ 75967 This chef-4t Py &rfthes the :

trench surface 242 down farther towards the target | evel 50, which ’
exposes m&eﬁfisﬁjﬁcmlthmhsmﬂﬂ%ﬂp‘anf‘?_ﬂﬂ@ﬁréﬁ’\g‘ﬂ‘?‘dﬁﬁif,%“ﬁﬂi%?%l mai nt ai ni ng |
its general profile. The t ep.: E”’ I whtik pfai@smiagck to a

m xt ur e 250, h&HEPSeBm."F%“nfte e%ﬁgﬁgﬁ I a g%e?%%z?ﬁe oxi de col unm materi al
220 and . 22.?%1;3_&35%8 again shows the IC structure 200 with the elenents !
si mi | ar 1% 518 e romthe prior figures. Ag the areas 262 and 264 have i
been etched in the regions of the oxide colums, below, the Ilevel of the
surface 242, 10 Still another, ste ALK AGRIJT (R 284 UFFBUbe of Cl 2
and HBr in orﬂ@rﬂmﬁgﬁgﬁgﬁ’ﬁgﬁ%% |c%n surface down towards the
target kegﬁem%?&ixftkﬁﬁfeeoﬁd@&ﬁﬁm%ﬁﬁmm&MSﬁw&ﬂmﬁ‘m’w A the

'm T ar

th
el enent 7€ y nunbered fromthe prior figures.. The su;&%ﬁ% 242 has
been et CigRtmene el writh the eirments simuadyauphered fom thg POFEREYET 5510 and 241,

“Wwhi ch have retajned a_iﬂ%%%hg%egchg{lﬂ{%?egﬁg@fﬁémd@m%"w'm"lo’ the I1C

)

st ruct urtge o158 &2 el'enents” simlarly nunbered. The process

t oggl es Kt agahatoop m xture of CF4 and CHF3 to preferentially etch the
oxi de colum material 22D and 222. |Indentations 262 and 264 20 are again
showp to indicate the preferential. etching of the oxide colum naterial

bel ow the levgl of surface 242 . Fgure Ll as o bad HBrueidered above,
shows t he res&qa‘b?‘ﬁ?(f‘ée&%?g%e%bgggh%g’i nto thot?%em stry inghing Cl12 and
HBr in OfGRL, QlifheSiicon chrfAdotnuowirds thedarettlcye 250 VT BREAYhi s fur t her

exposes oxl de portions of colums 220 an 22 t hat i t he exposed
col | ars GbersdmelCstmetye 24P Pyt the ?I%F“tgflggh%ﬂrm e@e@%@'@%p\?ﬁrch further
et ches, 1:01g|r mes r.]aﬂ?eséu:{'achg 242 has been etched downward to further expose parts of the

15 collars 240 and 241, which have retained a desirable profile.

Referring now to Figure 10, the IC structure 200 is shown with the elements
shmilarly mumbered. The process toggles back again to a mixtore of CF4 and CHF3 to

preferentially etch the oxide colvmn material 220 2and 222. Tndentations 262 and 2
20  are again shown to indicate the preferential etching of the oxide column material
below the level of surface 242.

Figure 11, as similadly mubered above, shows the result of toggling back
again to the chemistry incloding C12 and HBr in order etch surface 242 down to the
25  target level 250. This further exposes oxide portions of columns 220 and 222 that
comprise the exposed collars 240 and 241.

Finally, a last step can be employed which furrther etches, or shapes, the
exposed oxide collar material. Figure 12 shows the IC structure 200 with the
30 elements similarly numbered s before. The chemistry is finally toggled back to etch
the collars 240 and 241 down to 2 controllable beight 244 above the surface 242. As
shown, only a portion of collars 240 and 241 ave removed (see dotted line) so that
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exposed oxide collar material.. Figure 12 shows the IC structure 2D vEgrh2p04
the 30 elenments simlarly nunbered as before. The chemistry is finally

t oggl eglpladedest 0o etch the collars 240 and 241 down to#ﬁd%{a# J‘abl e hei ght
244 above the surface 242. As shown, only a portion of coll'ars 240 and 24}

are renoyellir Geight Mﬁz@:fdﬁﬁaﬁhshﬁlalev&, £ 1132 98 2 M.k 496 7
PCT/ US01/ 09564 col | ar hei ght 244 m ght remain at a usabl®e level, for

i nstance 100-200 angstrons. Note that while a curtain nunber of steps have

been illustra €: hac

chem stries, %\Tﬁ%&bér}?ghgses 1S NG ﬁaﬁ%@ﬁ%&eﬂ;ﬁﬁ&f%%@ tr| es. The

process m@ﬁoﬁhb&mwﬁbdimemeﬁﬁﬁl%eﬁﬂiém ﬂ#ﬁl i n sequence,
er

and then t oggl € hack to repeati ng_ t hat sequence |n ord | ete the.
et ch-° A B@ < i!ﬁ%’ésmtﬁfr@ﬁmcesw@# or instass, exipio atyenmubee ofcheksistdes han t he ~

The. pr opiieo bt o8 LRl Rigic bROE Frlafi T ediOie i rder Pespmpleniie. show

phot ogr agséii. cAlso.cus murbibério tdgglia wﬂm@&mr@xﬁt%ﬁ%ﬂﬁ&b&een per f or med,
and aft§[l th ot or§S| st,. and BARC | ayer have been renover. These Fi gures

serve t felgra?"’Y?l Ye@ﬁ%&&ﬁh@@%ﬁﬂ@@hﬂﬂw@mﬂem t echni que.
I's Fi gurghidyd{ga) shows atop perspective center view of the IC structure froT
|

a first angle showing the silicon materials with the trenches etched there
bet viden, the collar material extending above the etched surface Figure 13
(b) shows a side-cat vi wof the 1C structure fromFigure 13(a). Figure 1
(c¢) shows aF de(Pvd @Wwpmtom@mm@mwm 90 20

degr ees efchBEhbé g@m g%%s)t shpws a si de-cat
“yview of the IC structure rom gu':rl[ % Eﬁw&*&f%}’ fBws a cl ose-up

of at opWQ@e&ﬁﬂEmmmmbmmmwtsWﬂ% ﬁﬁ‘s&ﬁ shows the
first Wnd collar formation above the target |evel of the
15 Figure B(a)showsamppa@écﬁvecentzrviewofthelcmﬂo;na
first angle showing the silicon materials with the trenches etched there between, and
the collar material extending above the etched surface.
. Figure 13(b) shows a side-cut view of the IC structure from Figure 13(a). f
Figure 13(c) shows a perspective edge view of the IC stracture, rotated 90
20  degrees from that shown in Figure 13(a).
Figure 13(d) shows a side-cut view of the IC structure from Figure 13(b),
Figure 13() shows a close-up of 2 fop perspective center view of the Tesulting
) trench, which shows the first and second collar formation above the target Jevel of the
e etched surface,

25 Figare 13(f) shows a side~ent view of the IC structure from Figure 13(e), as cut
through the middle of the collar formations,

Figure 13(g) shows an sltemnative close-up of a top perspective edge view tlf
the resulting trench, which shows the whole first and second collar formations, each,
extending arornd the poly-silicon material,

30 | Figure 13(f) shows a side-cut view of the IC structuze from Figure 13(9).

The present invention is meant to extend beyond the present example of l
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etched surface. Figure 13 (f) shows a side-cut view of the IC strgc@ugﬁ
fromFigure 13 (e), as cut through the mddle of the collar form®ibn EP 200

Fi gur %A 8¢Hpeshows an alternative close-up of a top PeRRGtA edge vi ew
of the resulting trench, which shows the whole first and s%@%éﬁ%i col | ar

f or mat i oRE?VidiBg e eplirinya deeprimech MR A devise) Thotogpli@hktbd ofleFi gure 13(f)

shows a de-¢ view of the |IC.structure fromFigure 13(f). The present
i nventi o g%t%*%é{;a P‘l"% 6‘“‘3&&‘%‘3%%%%’ of perapiety o€ matesiatshoyendothosel 6 30 SEP 2004 !
WO 01/ 75pedenitédlin YO8 384mMNES VA i - {n.a deep-trench DRAM device.|
The toggling nethod of" the ﬂ%feé%%@?ﬁ&%%&%’r?%%%ﬁ&g E’&E etch any of aj

variety B8 mmmmﬁmmmmmm@%my&ﬁw es. As a
a

[
Y]

resuld, i L,on i ant. to, nclude toggling between riety of
Pt en%‘aig%% te%“f@‘ﬁ%%éﬁhewmi&mgwmwm@mw t he

di f f er enrobletns ehstidteréEwan udh Eﬁﬁ% NGRS {04 ant to address |,
the problens encountered w t%oﬂgﬁ‘ﬁ%%ﬁe %ﬂgﬂnﬁ,pr%?m% M ry in ordei

to achi ¥getdepttnrijhas bhep fovmdithatibyssing ene étchuat firaalexidsispdpdepe et chant fot

over 1§ s SRR Broceds g | GHEtve b /e ced dargroBlbRpEERIGHT be

Gt Chant ahom oLr FonReeuiteS acr Th MR TRl R o 1 arget |
dept!fl AdEMsER fHfSrent etchentrhamistrissdomves foqrovids aceiclive bicHdbtnab o AL eri al s ‘
(o b i Rnt A fonifl| Bk SBeb BB S ribesemetio e peen. |
yalterations. per At onet pREEY St LB eTte Mol SE RS e scope of

“this in I on. Byway of =anple, although the etch steps are perforned

15 H&nce,‘ while this invention has been described in terms of several preferred I
embodiments, there are alterations, permutations, and equivalents which £01 within |
the scope of this invention. By way of example, although the etch steps are pmfo:med
In situ in accordance to a preferred embodiment, they may be performed in different
processing chambers if desired. An in situ process generally proves to be more

20 efficient, as the etched structure does not need fo be transferred from one etching
machine to another. ¥ should also be noted that there are many alternative ways of :
implementing the etching process described in the present invention (i.e. different .
methods and apparatus). It is therefore intended that the following appended claims i
) be intetpreted as including all such alterations, permutations; and equivalerds as fall
25  within the true spirit and scope of the present invention.
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in situ in accordance to a preferred enbodi nent, they may be perfgr@es k?ﬂﬂ
different processing chanbers if desired. An in situ process genégral §
proves to be nore 20 efficient, as the etched structure does not need to be
transferred fromone etching nachine to another- It should al-so be noted
that there are many alternative ways of inplenenting the etching process
descw’rﬁh Si ﬁﬂ&”gresent invention (i.e. different methods and apparatus).
It is erefore 1ntended that the foll ow ng appended clains be interpreted
as including all such alterations, pernutations; and equivalents as fall

15 Wit hi natylhobi kdi @1cRiRh ék&nié\ﬂ&# af GRRRated cifcRE(EN B8&THe dbY RY deRBin ta3Get SEP 2004
VWHAT I%lngINED IS:. 1. A nethod for.etchlng a portion of an integrated

ci r cHFAN PEILYP fRtng R SAmPesHN et aief and RHeest a gegont copropetmalitielr

havi arga arrdriged progioaieom i firshedngionait mateeid arentthe atetHod @smprsilgecond conponent
material area arranged proximate to the first conponent material area, the
met hod conprising: (i) applying a first type of etching chem stry which
preferentmalIya%g@ﬁé§"$H@99%¥@W@‘%@ﬁﬁ@h@ﬁ@1Wﬂ%@?WﬂV9§F%ﬁFeﬁ$ﬁ) appl yi ng a
secoathpopgre maferi@itaedai Ng chemi stry which preferentially etches the second

conponent .qrat ef | rea; i.ng. s, (] il ntil the certain
t ar get degfﬁ iéhﬁkﬁﬁéggﬁ?%&%gf%ﬁﬁ%ﬂégﬁgﬁi3@?%@%%%%H%P%k%%%ﬁf29?? ucture and
i ts ewiPeDIeMetefidliaess; ald areas are mai ntained by toggling back and forth

bet vvete_n r'feb}étiﬁﬁ glb;b'csqg taﬁmﬂ)tnmrﬁit thé eé‘ltaingarggt{tﬁp’lﬁ?é Miétv@:f, w%r?in%b&ain fﬂéf&fn eth chi ng
a po of an LC structure includes the, ion o allow trenc

"o i | Bluhaygatodsh Meferal ek ciermaing e hy By PBpdiand B bolge ci n 't he

f i r sthe gighjeg gfeméstreslii ng chemi stry and second type of etching chemstry are
applied in situ. 4. The nethod of any of Cains 1-3, wherein the second

conmponent_material .area is enhedded wthin the first co nent materi al
aree 5. TRRACRLGREY |l RN AN 41 ST TElyGrT P PTBTIORRE second
c onpahakawt tramelt selatidn (8Tlpteatuses. nmodul ated in height relative to the first
conponent material area via toggling back and forth between the etching

chem stries. . . , . :
3. The method of any of Claims 1-2, wherein the first type of etching chemistry and second type

of etching chemistry are applied in situ.

4, The method of any of Claims 1-3, wherein the second component material area is embedded

within the first component material area.

5. The method of any of Claims 1-4, wherein a pottion of the second component material area is
modutated in height relative to the first component material area via toggling back and forth between
the etching chemistries. g

6. The method of any of Claims 1-5, wherein the 1C structure is a memory device, with the first
component material area including at least a poly-silicon portion of material and a crystalline silicon

portion of material and the second component material area including at least silicon oxide material.

7. The method of any of Claims 1-6, wherein the memory device is a DRAM having deep trench
capacitors.
8. The method of Claim 6, wherein the second component material area is in the shape of a

collar surrounding the poly-silicon material portion of material, whereby the toggling back and forth
between the etching chemistries maintains the profile of the collar.
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6. The nmethod of any of Clains 1-5, wherein the IC structure is &Y 200
device, with the first conponent material area including at | eas%
poly-silicon portion of material and a crystalline silicon portion of
material and the second conponent material area including at |east silicon
oxide material. 7. The nethod of any of Clainms 1-6, wherein the nenory

device i M havi deep.tr.enc 0 . The thaod of C aim 6,
Cher e TR o RN AR Do R \no FRARE dr Bofino Shorldl shéraften o) i
sur r%i@l‘redpwgtalﬂlmﬁeorﬁmogphgwﬂ diiommetgti@s.i al portion of material, whereby the

togg{d Ng HRaGKeIbt by di Blaike]-veaRrdMRe %E@Hél%lu@@ﬁ and dife é??étéiﬁr@' ns the
ofi| e of tr]e col lar. 18 30 SEP 2004. 9. The nethod of any of O ains 1-8,

mher%‘lcﬂnfnﬁ@” Prst type of etching chemistry preferentially etches
crystalline or anorphous silicon materials. 10. The method of any of O ains

1-9. 11Merﬁ+e@riettﬂa$ %b@! d NFd, Yl6re %a/f.ré};@ y&g& %@%&i I o S111 con

materials of anyo d ai ere| the first type of
et cHMXYrechE @EHR i ncl udes a mxture of C12 and HBr. 12. The method of
Claima1ll, wherelnthe preferred ratio of Cl2-to-HBr is approxi mately

1- t0‘123 gﬁd%?&lgg% 1°T~h QM tlﬁe Wr%féaﬁgtlolof&tow eaitppg)f(i%%teﬁﬂa:?ﬁ type of

et ching chem et‘en Iral oXl de ma e net hod of
any of Clainms 1- 13 wherein the second type of chemi stry includes a m xture

of 1@F4 ame nichiiod of dfy.of TlaRns el aflereih thd Rbdhdtvhe oY\&@ﬁlﬁc}l](EheH’S@'nyeﬁrQﬁlé ratio
of CE approximately 3-to-1, 16. The method of any of ai s

F
1- 15et°h\?f1%)?‘g1ﬁg?rﬁz etching steps are used in association wiwth a photoresist
mask over at |east a portion of the IC structure. 17. The nmethod of any of

d anms 1‘T:|q5me%§'b%rﬂ of OBinRticHY, Wgerglh@rﬁsseéﬂr@ tﬂ‘b%%dCHeﬂllﬁ%Erhéééﬁ%&t% 4h a  hard
g.‘,F%r agﬁz?l east a portion of the IC structure. . A process for etching

‘evel a portion of an integrated CII’CUIt (IC structure
corrprlsed of a plurality of different types of conponent naterials, the

Procgss GRERetrdl egola.(n11)4 am?élmaq)r@&re%tr&rald@epme@mﬁé.5 YpgrékiRAEl 8hent i al Iy
etch certain types of the plurality of
16. The method of any of Claims 1-15, wherein the etching steps are used in association with a
photoresist mask over at least a portion of the 1C structure.

17. The method of any of Claims 1-15, wherein the etching steps are used in association with a
hard mask over at least a portion of the IC structure.,

18. A process for etching to a target level a portion of an integrated circuit (IC) structure
comprised of a plurality of different types of component materials, the process comprising:

() applying an etching chemistry to preferentially etch certain types of the plurality of
component materials;

(i) applying an etching chemistry to preferentially etch certain remaining other types of
the plurality of component materials;

repeating steps (i} and (i) until the target level is achieved, wherein certain profiles of the IC
structure and its component material areas are maintained by toggling back and forth between the

etching chemistries.

19. The process of Claim 18, wherein the process of etching to a target level a portion of an IC
structure includes the formation of shallow trench isolation (STI} features.

20. The process of any of Claims 18-19, wherein different etching chemistries are applied in situ.
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conponent materials; (ii) applying an etching chem stry to pref eg}egt IS%|P| ?ﬁﬂ’i
etch certain remaining other types of the plurality of conponen

materials; repeating steps (i) and (ii) until the target |evel is achieved,
wherein certain profiles of the IC structure and its conponent materi al
areas are nmaintained by toggling back and forth between the etching

che strl he f, etching to
gt TRpESse o fETRTS fofd pEoRthd bre PSTRe ol B8P 8RR on'of
shalWlﬂ)wanp@ﬁldeacgmramqnemtn(ﬁ&'r‘lay features. 20. The process of any of Cains
18-19, wherein different etching chem stries are applied in situ. 19 30
SEP 2004 21. The process of a 1y of Clains 18-2 wher ei.n one, t

conpBnent TTREIGEPSSA Ao Saas e WW?'HPHe B(H%PftF@P”'P?"WEm%tF”a&? H@K’—F’ ”haterl al .
22. hElyat rplatmaas snatier ypy obdonpb@animateBal 2i& togghrer eickaraiferttt yghesenfthecaehirgnent

mat eghb,ﬁis nodul ated in height relative to another type of conponent
material via toggling back and forth between the etching chenistries. 23.
The process of any of Cains 18-22, wherein the IC structure is a nenory
de?/izcse \|Ni1thb pRocédsiophny dfxz:mn@fa m;);m@auamte IU&tr@dtdréis_ai mAgrhatg bidvitealith ladiass t a

pol y- SI rt t c n
nat o coq'ﬁ)nngmgr% glee%agnl d'%tmd[% a?{e!a&a rj{%@%ll;@?n ;{o¥tfb¥’1% %atggalglgtgc!légrg{lan |Ilcbrf Ieast
si | m@@lnn oknajerial mee?epmd themf cqrronpit dretasiel asga Ia@lyd"aﬁat@aaﬁﬁl’r@omw@s wher ei n

t he maesiRry device is a DRAM having deep trench capacitors. 25. The process
of Claim 23, wherein the second type of conponent material is in the shape
of a collar surrounding the poly-silicon material portion of material,
wher2dby  tThe ptoogrglor any db &teknsatecl3 wherbin thsenamaendavive it BRAW gadiadeeBt r i es

Mai RleAdepddigrspr of il e of the collar. 26. The process of any of Cains

18- 25, whereln the etching chem stry in step (i) preferentially etches
crystalline or anorphous silicon materials. 27. The process of any of .

Cl ai2es 13h2proceskef @aim 2 wheraindhd sebanditypel ofickenpoént maledialds ingthesshepeyyaitaal | | ne

Si |G sdPRUREIAFhS poly-silicon material portion of material, whereby the toggling back and forth
between the etching chemistries maintains the profile of the collar.

28. The process of any of Claims 18-25, wherein the etching chemistry in step (i) preferentially
etches crystalline or amorphous silicon materials.

27. The process of any of Claims 18-26, wherein the materials include poly and single crystalline

silicon materials.

28. The process of any of Claims 18-27, wherein the etching chemistry in step (i} includes a
mixture of CI2 and HBr.

29, The process of Claim 28, wherein the preferred ratio of Cl2-to-HBr is approximately 1-to-3.

30. The process of any of Claim 18-29, wherein the efching chemistry in step (ii) preferentially
etches oxide materials.

31, The process of any of Claims 18-30, wherein the etching chemistry in step {ii) includes a
mixture of CF4 and CHF3.

32, The process of Claim 31, wherein the preferred ratio of CF4-to-CHF3 is approximately 3-to-1.
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28. The process of any of O ains 18-27, wherein the etching chem sgrn] EEP :
step (i) includes a mxture of Cl2 and HBr. 29. The process of C di [
wherein the preferred ratio of Cl2-to-HBr is approximtely 1-to-3. 30. The
process of any of C aim 18-29, wherein the etching chem stry in step (ii)
preferenti aIIy et ches oxi de mat eri als. 31. The process of any of d ai ms

18 3 ein the etc e i

" g otshs 5 RS L aBe TS Peiel b 93 aittaatn PR BREeder B bt o o
CF4 m@tocaﬂﬁsmawwpmtdﬁasmoailoy ogthe ¢- dtruclae. 30 SEP 2004 33. The process of any
of Clains 18-32, wherein the etching steps are used in associ ation vvith a
photoreS| t mask gver at l|least a portion of the I C structure.

proc¥ss ofeRFeRtof @yl a"ﬂ%1%§2 WiEEIdhheteiRe SeRsiiriged fnegssociptign Wg'éﬂ |n
assowramaskoven dt least a doetiod ohte IC sivvetureat | east a portion of the I C structure.
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