20 OCT 2003 1 A METHOD OF FORM NG A MULTI - LAYERED DUAL- POLYSI LI CON 7 0 06CT 2003
STRUCTURE Field O The Invention This invention relates to integrated

circuits and, nore specifically, to a nmethod of 5 formng a nmulti-I|ayered

dual - pol ysilicon sem conductor structure, and devices and integrated

circuits formed in accordance therewi th. Background O Invention

Mul ti-layered structures with dual |ayens of polysilicon over oxide |ayers

of differing thickness have many uses in integrated circuits. Such

structures argMETHOD 0¥ FORMINGS MUL?E-%%?@%?%%@%%@%@ at ed

circuits including Dynam ¢ Random Access no tatic
Random Access Menory (SRAM cells, STRUETERE e. The net hods of
manuf acturing multi-layered dual -polysi | icon structures currently require

multiple a Effelti s _conplicated processing steps including inplantation
barrier dweh? el val , polysilicon deposition, patterning, and
etching. 15 These nultiple, and sonetinmes repetitive, processing steps

increase the fahikiiwahii®reldtéBoandzArAeNS6itLind BR ] | t
circuits and sem conductor devi cegs. I\/brleovern, "fa r%giﬁicgﬁgf%?énreegﬁoge@dare

cont r ol edfarmingaet mylti-lapesed ydyal-polgsiiomb semicafdupropcesgiurg, ShépevickhUsd  ever
and sinpl ey, %ragaaéisrimi st eps \é\éciglmfw el.d ti.ghter rmanufacturing tol erances

and denser rL|t egratre g?r i'? Ceihetedfi®uct or devi ces. 20 Thus there

exists a need in the art for a method of formng a multi-Ilayered dual -

pol ysi | i coBaskgroaad IOF Ihbéitigaver cones t he above-descri bed shortcom ngs.
Summary OF The I nvention The present invention is directed to a nethod that
allows formation of dual polysilicon structures prior to formation of an

i on i npl ant at i ollUilayered sRucticesumithadial tldyers 26 pobgilicoesviewrideslags ,off S

i cut s angeis,RReBRal g 8% Rlisrefiucins S B Cures & parteuiary
10 useful for construction of MOS integrated circuits including Dynamic Random Access
Memory (DRAM) cells and Static Random Access Memory (SRAM) cells, for example.
The methods of manufacturing multi-layered dual-polysilicon structures currently require
multiple and sometimes complicated processing steps including implantation barrier

deposition and removal, polysilicon deposition, patterning, and etching.

15 These multiple, and sometimes repetitive, processing steps increase the
fabrication time and expense of manufacturing integrated circuits and semiconductor
devices. Moreover, fabrication tolerances are controlled in part by the type and number
of processing steps. Thus, fewer and simpler processing steps will yield tighter

manufacturing tolerances and denser integrated circuits and semiconductor devices.

20 Thus there exists a need in the art for a method of forming a multi-layered dual-

polysilicon structure that overcomes the above-described shortcomings.

Summary Of The Invention

The present invention is directed to a method that allows formation of dual
polysilicon structures prior to formation of an ion implantation barrier structure and that
25 requires fewer steps, is more economical, and permits fabrication of more compact

semiconductor circuits and devices than prior art methods.



2 00 CT 2003 2 A preferred enbodi nent of the present invention is dif@€Teg
to a nethod of formng a nulti-layered dual -pol ysilicon sem conduct or
structure. First and second trenches of differing depths are forned in a
first insulating | ayer on the substrate. A second insulating layer is
formed in the first and second trenches. Thereafter, polysilicon 5 materi al
is formed in the first and second trenches such that the first and second
trenches are substantially filled with the polysilicon material. A portion

of the polysilic el i i ed froamthe first and second tyenches
so that the top gﬁ}rggggé c??lbtoﬂegﬁp{ ?»g??(e ii%ﬁeéfﬂqa’f]?’?{g'opd?éﬁre&tﬁ 9 3 SFthRst Phce of
the pol ysi | fooding n@tneiiti-tdyed edid@polgSitiginabédhicdddubior @uEurdOtFiRk dnldes .
height). An inplantation barrier is formed on the polysilicon materral in

10 the firdfensps fedifipna demibhas farmedinoe disst ausubing Hagter aont p sabstfaaee of t he

i nsul ating i; ' t iall o-planar wwth the top surface of the
first i nsulsgt@(?'{ﬁidﬁ{uzlﬁ}g .la}légﬁ fgtl%r%jllgﬁ SO ECqhenshess ofiedfien PRbIEHERDD

r egi onss andnateial ¢efoamed i thé first @8d §5nd FBEcHRE QRANhatithY BAE b sdcSn@l8Rhes
directed to int %%Hat ed circuits and sem conductor devices constructed in

accor dance 3 f4bstapballydillpd vadthe pplasili¢ast hadrial 13 Bertien obbjequiwsiland nfaeataur es

of the pre LNVEeRt] 0 j becone apparent fromthe follow ng detail ed
descri p!to i oﬁ,?Q%rg%\é%:ﬁdgpfgdﬂ}e\rll\ﬁ%t)ﬁf@rfgf?néjnpr PR SR At BntRn yiTiRge defatlien st

figures. | tindutating IHRr idlanss Qtﬂ‘i’eceW‘ﬁﬁélﬁélysiﬁmtm&tgﬁalcgr@%pg?-. aphY ﬁg gre not
to scale, are designed solely for the purpose of illustra Pon and’'not as a
def i ni ti on 16f at Wi spngrheighyf Amieplantatientbaoier i formehbe the wfigsienaenabeuligd be
made tg,th nded clajms, ?0 Brief Description & The Drawings In the
dr awi nSO fi g*&?@'g‘?a'\‘/ﬂi?eéﬂ"@{JE“CHB% andprogesped sodhat aoPcHriasecolie ésylating barieat i ve,
and wher ei ns lsub@artRfler @0Fgnc halRCHE! & dg‘ln?}c b id 3o nts (Lfroughout
the several views: .gl GS’Si 1-4 depict & nu t?-?‘ta;%ér Zi{istdll?gllﬁ?tﬁ)oql Q%Bfef'i con’
structure dupknigtisuischesperiormbicsioagd DD ediadrand 3biro ahddAGCREBANCE Wi t h
the nethod of the present invention, FIG 5 depicts the nulti-Iayered
dual-polysiIiconrstructure of FIGS. liL-4 \gith,the o _

he present invention is also directed to integrated circuits and semiconductor

devices constructed in accordance with the above-described method.

15 Other objects and features of the present invention will become apparent from the
following detailed description, considered in conjunction with the accompanying drawing
figures. It is to be understood, however, that the drawings, which are not to scale, are
designed solely for the purpose of illustration and not as a definition of the limits of the

invention, for which reference should be made to the appended claims.

20 Brief Description Of The Drawings

In the drawing figures, which are not to scale, and which are merely illustrative,

and wherein like reference characters denote similar elements throughout the several

views:

FIGS. 1-4 depict a multi-layered dual-polysilicon structure during successive

25 stages of fabrication in accordance with the method of the present invention;

FIG. 5 depicts the multi-layered dual-polysilicon structure of FIGS. 1-4 with the

first insulating layer removed:



first insulating |layer renoved; 200CT,nn3 3 FIG 6 depicts the strupBUr @Nbf
FIG 5 with a spacer oxide; and FIGS. 7-9 depict exenplary MOS integrated
circuits constructed in accordance wth the nethod of the present
invention. Detailed Description O The Presently Preferred Enbodi nents 5

Referring now to the drawings in detail, FIGS. 1-4 depict a nmulti-Ilayered
dual - polysilicon structure 50 constructied in accordance wth the present
i nvention. The structure 50 depicted in FIG | includes a first insulating

llayer 12 having g Qﬂeﬁie(sftﬁé;ﬁn‘x]cfée of’lf‘ﬂ} fSO\K/igleQS]?a glaoxsaéjeibSt qate 10. The first

insulating layer 12 is preferably silicon-di oxi a’taﬂ%ugh ot her known
sem conductor insulating nmaterials may al so be used. The 10 substrate 10
may be silicon, &SI 7thlepicenkdplangbiORnitsgnted kiroliRedonseindt &0 Hoa&ehRlance

material s suittble f or Hse as a. substrate. Afirst trench 14 and a second
trench 16 ard MFSRAT 9fiR p&sent iwentigisul ati ng | ayer 12 by patterning and

etching the trench areas using known techniques. Illustratively, the first

trench 14 ipethiddBeschiptioh)OPPI Piedththy PAYG e Embodfiheis ML €M1 al on the top
surface 18 of the T1rSt 1Tnsulating ’ g the resist 15

material to an energy source which passes through a pattern mask defined in
the reslst mat dyefernng pwrierthe idrayvingseiasietdil, F&GS st-4tdepfoonmmeltidadrer Budln t he

resist; 4) etchin he trench 14: apd 5) renoving the remaining resist
materi al . |Pﬁ’¥Y§‘hﬁ?‘gf5§P‘r‘B‘&f gﬁ%&?‘%#ﬁd, Iny pOrqanss Wity Bigcpresent jigvestiopedTheo a
dept h that strictaRPImOFd EnF1ea4alc) Al f, ¢ he first dnsy ating
| ayer 12, thecr; eby re\?gg?i r?g a togidg?%ggséq@hﬁﬁﬁfﬁgqszu agfnrgaatté)pfﬂlffla% he
second tr enot fadedonpr ebetratb| 9. flrrfest iafil@ingfloyeratiio preadraifilitbd-gloxideench

14 and in ch th}enﬁsg('rnre manner. The second trench 16 has a depth that is
| ess than HBOUSHeBIRT SMOVAeSemicanduetop fagwlaling anaferals gpays alspabe w3 t hllke | i es

b i i hey: face 34 of the substrate 10. The depth
of "second tronale 18 8! tendi Ry soRil S6puidf Sorlafp SR Fegoagiiton o

remai ni ng wmdieiaeatitable for secand sitsemeh A GkstitterdRNanNGENt sdéBRN treddh §6H81re

desired ch?racteriﬁtics_of the integrated circuit or device being

f abri cat edformed in the first insulating layer 12 by patterning and etching the trench areas using

known techniques. [llustratively, the first trench 14 is formed by: 1) applying a layer of
resist material on the top surface 18 of the first insulating layer 12: 2) exposing the resist
15 material to an energy source which passes through a pattern mask defined in the resist
material; 3) removing areas of resist to form a pattern in the resist; 4) etching the trench
14; and 5) removing the remaining resist material. In a preferred embodiment, the first
trench 14 is etched to a depth that is approximately equal to the thickness of the first

insulating layer 12, thereby revealing a top surface 34 of the substrate 10.

20 The second trench 16 is preferably formed after formation of the first trench 14
and in much the same manner. The second trench 16 has a depth that is less than the
depth of the first trench 14 and a top surface 32 that lies above (in the drawings) the top
surface 34 of the substrate 10. The depth of second trench 16 (or the thickness of the
first insulating layer 12 remaining underneath the second trench 16) is dependent upon

25 the desired characteristics of the integrated circuit or device being fabricated.

As depicted in FIG. 1, a second insulating layer 8 is formed in each trench 14, 16.

The second insulating layer 8 is preferably silicon-dioxide and may be simultaneously



As depicted in FIG 1, a second insulating layer 8 is fornmed in each 2ty &3
14, 16, The second insulating layer 8 is preferably silicon-dioxide and

may be sinultaneously 200ClL 2003 4 fornmed in the trenches 14, 16. In the
first trench 14, the second insulating |ayer 8 rests directly on top of

the substrate 10, i.e., on the top surface 34. Referring next to FIG 2,
polysilicon 20 is then deposited in the#4irst and second trenches 14, 16

so that the first and second trenches 14, 16 are substantially filled with

5 polysili dorm&0inahel trandhep 16,Urd aﬁﬁh@%ré@ftrehaﬁ‘ifl)Qhé’%édohHWu?agn%% er 8 rests
appr oxi rratgjby at the same height as (i.e., are substantiall 3/ pl anar)

with the td¥esty phtap ofghgsubstrae gy, dnibelepsungee Jayer 12. To provide for a
substantially co-planar relation between the insulating |ayer top surface

18 and the pol ys{iéférﬁggng)ﬂgosﬁ‘féf ac ol icoh %lﬂ reHC lPI{J\sgt ?@B}e rgtg%; oLl ed 0 a

pol i shing step such a em cal ani ca e.

The 10 pol ysinkhesold, 26 sorhetabenfirst saad pedoys luleh@ma mnlw a(d s&shané‘alﬁ' mﬁh% Wef)
nat i ely it may conprise polysilicon , silicide, OXI

or alte
nat er | a{ s (A° Yélllcomﬁptanﬁmetopéyéa@) 22 pf gsrpdlysilicon 20hie appllcysneltelgcml tlitﬂsame

d ted th t f
22 of the pEISR [enrof ety Qe L BprEnLIP ke { Rerdisirss Gy e ?geof
the first umullat I'Irbgpﬂo&w@rfoﬂ-a substdrSially @@-b?a%arafeVaQ]'oq beRvde t'f\@%s[l@(lﬁ% a%?

second 15 trenches 14, 16 above the polysilicon 20, as deprct
This is pr é%rsaféw lsaé@d)rfhﬂ P@M%bb%ytoamuaﬁaces@ﬁrdpl SII‘LE&EE\ISIGQlSFHUBﬁE&S toTzhe

anount of on 2 Vi by the rop tch wll vary

dependi ng %%!)%ﬁ% E'tpyﬁléc o1as ncﬁ’te E\F%Elha&cfi %U?g éQ@P’e) Q’DI TRmateel yThe

f abri cat ed pof ﬂﬁhérh@O 4 bmba 1*bh ¥R r€ 2 ’

bet ween t he ng surfacgs T %§%g§%0u|d %g suf m%Fg%ﬁyﬁora%$ﬁ$$J§é§g§? I on
of an ion ZOMpfifd mirsdtqoansllbaide|aeldf’o4©x(dl§ln(aterrh)s (t.batnuitipld lapereyent i on

penetration into the polysilicon 20 during subsequent processing of the

structure 50. The ion inplantation rier 40 s eferably deposited in a
bl anket fashi on ‘} PO'¢" 10”0 enQﬂl¥5£H88&5 ({?p?weﬂd‘ﬁ H‘etﬁ"gﬁﬁ?ﬁek‘ﬁ lioris thearfemexed 4, 16

until a togesHatf ﬂh@Qoﬂ?suﬂﬁcet be Jpand 'p@rysmél& b§ IéHB”S?{ emaéo @Xnaq‘twﬁlbqhes%ga
hei ght as the top surface 18 of the first Insulatin

surface 18 of the first insulating layer 12. This creates a void .JO in the first and second

15 trenches 14, 16 above the polysilicon 20, as depicted in FIG. 3. This is preferably

accomplished by an anisotropic etching process. The amount of polysilicon 20 removed

by the anisotropic etch will vary depending upon the type of integrated circuit or device

ultimately fabricated from the multi-layered structure 50. However, the distance

between the top surfaces 18, 22 should be sufficient to permit deposition of an ion

20 implantation barrier 40 (FIG. 4) that will prevent ion penetration into the polysilicon 20

during subsequent processing of the structure 50.

The ion implantation barrier 40 is preferably deposited in a blanket fashion (i e..
simultaneously in both trenches) in trenches 14, 16 until a top surface 42 of the barrier

40 1s approximately at the same height as the top surface 18 of the first insulating layer

25 I2. The ion implantation barrier 40 may comprise any material which will not permit
implanted ions to penetrate into the polysilicon 20. Typical materials used for the
implantation barrier 40 include, by way of non-limiting example, silicon-nitride,
tantalum-nitride, titanium-nitride, tungsten-nitride, and zirconium-nitride. The ion

implantation barrier 40 is subsequently processed so that its top surface 42 is



25 12. The ion inplantation barrier 40 may conprise any material whi ch08ET 12003
not permit inplanted ions to penetrate into the polysilicon 20. Typical
materials used for the inplantation barrier 40 include, by way of
non-limting exanple, silicon-nitride, tantalumnitride, titaniumnitride,
tungsten-nitride, and zirconiumnitride. The ion inplantation barrier 40

is subsequently processed so that its tdp surface 42 is 2 0 0 CT 2003 5
substantially co-planar with the top surface 18 of the first insulating

layer 12 (RButadihlly cdhlanat withekormp dusfied | D aCRRY BREMLG
chem cal - mechani cal polishing (CI[\% techni que, or oth ae‘r@L&%er p2 (FIG. 4)

pl anari zat i [0W éw%ﬁ@ byfapg0 f’éﬁlamyhlechemmat hieshameahgslishiag §EMP)akdhghge,

structure fQr i R tlon f.or me 5 lop i Iantatlonlsthen

per f or ned tg Oéfrlée?gidomﬁ 1tzf"t'o'n ﬁ%q%ﬁsf ?qssﬁxaﬁlp LDg)t 't BYNeH: aselfadipnad ed in
FIG 4, and strbﬁhﬁaafbf an,lmbhﬁtaﬁbﬁ wabih& S0 is anneal ed. A spacer oxide 100
(see, e.g., FIG 6) is then grown over the polysilicon gate 60 (described
in further detail bel ow) and source and drain inplants are then perforned
to create sourcdomfap! a@ﬁaﬁqarnlsr@ghmqgfozmed ts ctetmi mthgtitly rdoEéchﬁﬂmoiih&DippCﬂ

oxi de 100 i cture e anneal ed. The
choi ces of é%(?][ts]‘?grﬁ%& \éﬁ}r?l:?@so%r}daq‘%raa [ﬂ’gﬁ‘[r%ﬁti‘@r'lso'éﬁ%'?eélegs AnFRAcEie i ned
by the desilnedsee| egt HIGak) BhasmeiRrd §¢ ' =

i nt egrated CI rcw tg It shz)ul d bg notgdérsﬁzﬁ&ty%e I o é”éb (g%tcgﬁldo% t;U%er
performed idatail dxetesy)candceouvder andsdraindianpdanps eethsn rpgrfbmémthuleme(s‘cmmemﬁml e,

t hrough a r esi mat rial that has been patterned to
reveal the Zéf?gé%’Pm%pF%ﬂ?pl?t (Sfrbﬁzr) -E hegipgessfirdst 19P, 1sghescramarad and the
connecto onstridtRle SNAWY)beddrffedlBHC TH GORLERE] @gagrngmg t%&a*t‘%ir Ingq?g)}’ Sidi con

gate 60 and to the source an rain regions

devi ces ( engjgies arream;arsmrmd$y theedessfbd)Eﬁctrldalaﬂmcteﬁﬁnﬁ@f U @sulBAE dévice or
in FIGS. 5 and 6, the first insulati ng | ayer

Al ternati veI é%and as de E_l
12 may be't R?@dc“f%m fyle npiegdnthst rihe tion elrrwdzanéaan[stcrégmdsum
created as,g@sgntbafnak 95&9\/ g bedo
deposited, grown, etc., noverﬁo%d%lﬁgfe?ﬁ% éﬁgcfxvxﬂf)gh @?Slﬁgfr&?%sk for
t he LDD reng(snvellknatSunlrti‘ﬂt diasl teemi atteB@HONRS reveal the desnred implant regions).
15 Subsequently, electrical connections (not shown) are made in conventional ways to the
polysilicon gate 60 and to the source and drain regions 46 for form a variety of devices

(e.g., transistors, resistors, diodes, capacitors, etc.).

Alternatively, and as depicted in FIGS. $ and 6, the first insulating layer 12 may

be removed from the polysilicon structure 50 and LDD regions 44 created as described

20 above. A spacer oxide 100 may then be formed, deposited, grown, etc., over the
structure 50 which will act as a mask for the LDD region 44. Source and drain regions

46 may then be created using known methods and techniques.

The polysilicon 20 in the first trench 14 may comprise a polysilicon gate 60 (FIG.

4) ot a metal-oxide-semiconductor (MOS) transistor. The thickness of the gate 60 1s

25 determined by the desired characteristics of the structure. The purpose of the polysilicon
20 in the second trench 16 varies based on the application as described below. For
example, the high resistivity of undoped polysilicon makes it especially well-suited for

providing high-value resistors in static memories.



46 may then be created using known nethods and techni ques. The polehyt??@
20 in the first trench 14 may conprise a polysilicon gate 60 (FIG ;
nmet al - oxi de-sem conductor (MJS) transistor. The thickness of the gate 60 is
25 determ ned by the desired characteristics of the structure. The purpose
of the polysilicon 20 in the second trench 16 varies based on the
application as described below. For ex@&mple, the high resistivity of
undoped polysilicon nmakes it especially well-suited for providing

hi gh-val ue resi stherifisuldting iaet 8 iMMeEOAkEsnd REXITireRASs B4 Tlhaemh Tl 0gd ayer
8 inthe first and second trenches 14, 16 may constitute th e gate oxid

layer in a e@bnvedt lurrdn avosvantianal OB trangitter t ihe Kneesssost thiisiingng Batyerng

| ayer the d sired chargcteristics of the structure. The
partlcuIar%'?ﬁgg?ng?Fe%RétFﬂgp @agﬁnﬂgﬁpgﬁ@&“Fﬁ”ﬁ{G. 4 includes two MOS 5
transistors 70, 80 aligned with the first trenches 14. Further, the
polysilicon 20 froenmRetidulartiNgst&acORGuELRNSH d@ﬁicféﬁymbﬂ(ysﬁ%chﬁ]egrtﬁgtl@[@

di screte conponent 90 such as, by way of non-limting exa

capaci tor, tenfigersstys0 adjgnqi with the @Ebmncncs l41t Eunbﬂnémtpo!\ystlhoa 20¢fatrgedoxi de
conpri sed gf i nsul tlng aye ﬁﬁ§ and 12, i s thicker than that of the

t ransi st or ’bg\?l Ty B OB RSSER 19 Frrf’%tte Elt é‘fﬁﬁtﬁ component |90 sugh a&&ynm e to
prevent | Oréth@ﬁ-@lTnﬁﬁﬂg @;&rﬂﬂf@ G p8eiRp! X%sjdt&ro'ar Qattreﬁlsﬁ%rpf?ll ¥3dikb iR terial
i's then deposited in the trenches 14, 16, and anot antatlon arrier
is formed gatsooxide nempusquof :rtsmlaummﬂaamsas and k¥, el@nis uhm;herpemat that bOmhd Nt o
the polysilicon uring # n of %he LDD, source and drain regions
46. The pr &2BHO V@ﬁ?angg Fﬁﬂﬁqc &8s the above-described process
and reduces 15 the coaneX|ty and expense of fabricating nulti-Iayered
dual -pg) ysilico r ty SER n t he
pol ysilicon gatgtég%%%b%t%%ggk@g?ﬁﬁ%é%ﬂﬁ%ﬁé$@aﬁ b@g&m&ﬁ(ﬁlé?éeﬁgﬁ%5814 16)
I's formed pratorl iotheordepbsited iofthanrenoipsar dtsi and hasthee fmplditdGon bifier gat e

and barrier gﬁﬁ formed in s cceSS|ve non-repetitive steps. The LDD regions
44 and t h&Blsdrabeve the aPicoepRisHal s PrAYSNt IvErPaetralicsatneel thf PRbEHICIMYI ng
to add or

during implantation of the LDD, source and drain regions 46.

The present invention greatly simplifies the above-described process and reduces

15 the complexity and expense of fabricating multi-layered dual-polysilicon structures. In
accordance with the present invention, the polysilicon gate 60 (i.e., polysilicon material

20 in the trenches 14, 16) is formed prior to formation of an implantation barrier. Thus,

the gate and barrier are formed in successive, non-repetitive steps. The LDD regions 44

and the source and drain regions 46 may then be created without having to add or

20 remove implantation barrier(s).

FIGS. 7-9 are illustrative devices that may formed using in accordance with the
method of the present invention. It will be obvious to persons skilled in the art that the
devices depicted in FIGS. 7-9 are merely illustrative, non-limiting examples and that
many other devices are contemplated by the present invention. The device depicted in

25 FIG. 7 1s an SRAM cell 100 having resistors 102 formed using the second trench 16 and

transistors 104 formed using the first trenches 14.



20 remove inplantation barrier(s). FIGS. 7-9 are illustrative devigg9(lhaR
may formed using in accordance with the nethod of the present inveéntion.

It will be obvious to persons skilled in the art that the devices depicted
in FIGS. 7-9 are nerely illustrative, non-limting exanples and that many
ot her devices are contenplated by the present invention. The device
depicted in 25 FIG 7 is an SRAM cell 1060 having resistors 102 formed using
the second trench 16 and transistors 104 forned using the first trenches

14. 200CT 2003 h Vi pLcC rnatj ve SRAM cell MO
havi ng four tr:trn:sglg orsdgﬁitg&olprr{é usﬂfslga!i%qaﬁ'wf h%‘iﬁk’ib're§ [? (9 bagp dour

trenches f arankistosy DANfAEBESuskdy bR t%@ﬂiﬁ%oﬂﬂﬁr@dché@ﬁb@rrﬁe%ﬂn&% fonged to
i nterconnect transistors 104 as is well known. The devi ce depict ed in FIG

9 is a DRANVUEEIMertOuethldwierymay bufvamed by inRodnhert edsistBrsuiding it well kesend
trench 16 and a transistor 204 fornmed using the first trenches 14

Subsequent net al ect capacitor 202 and
transi stor 204 Te}fs%\é%c‘?d%a&ﬁé) ﬁ%r EE%%plw {?@ﬁpﬁv”bea et D3 dormes
al t hough t heingnuentida tréncdi ﬁ?h&SQQrﬂﬁfs@irnZ(Mnfotnlﬂ@d u@i‘ﬂ?ttﬁétﬁg’tf Bk qgl ar
illustrative enbodinents, those skilled in the art w e to

devi se numSuBsRSuENtiestaldayeremay bafrgene i mterQurkctalapguitoalDY endmasigentnt s,

al t hough nqt . is Wépkl ¢citly shown or described herein, enbody the principles
of the pres% Fnvention and are thus withinits spirit and scope. Thus,
while there have been shown and descri bed and poi nted out fundanent al

novel features @inallpgt isy8puh@stasd aRPAIIRAH thelh&InabA &K MS&'MEE%HW the .
thereof, it will be 15 understood that various om ssions and substitutions

and change§00tﬁxtt pk pirticwian didstdativai drsbodofenth ehdiessdiltesieid thaventiiibie iy he nade

b tho S int hout de ting fram the spirit of the
i %vent ion. laﬂ“sei guT?{gu? ﬁfeéﬁ‘}t'iv&?m?we@fsgfémh ﬂg‘%@twq T‘ﬁri"@&mgﬂtls aloughapat ed

by the scep@licfy Hadndraies&iepReRILdmBEEFIR- princPid FInPR%e:8 invention and

are thus within its spirit and scope.

Thus, while there have been shown and described and pointed out fundamental

novel features of the invention as applied to preferred embodiments thereof. it will be

5 understood that various omissions and substitutions and changes in the form and details
of the disclosed invention may be made by those skilled in the art without departing from

the spirit of the invention. It is the intention, therefore, to be limited only as indicated by

the scope of the claims appended hereto.



5 Cainms 1. Anethod of formng a nulti-layered sem conductor stru @UET 2003
including a substrate having a first insulating | ayer disposed th on

the first insulating |ayer having a top surface, said method conpri sing
the steps of (a) formng a first trench and a second trench of differing
depths in the first insulating layer, (b) form ng a second insul ating

| ayer in the first and second trenches; 810 (c) formng a polysilicon
material in the first and second trenches such that the first and second
trenches ar@agasostantially filled with polysilicon material, (d) renoving a
portion of the polysilicon material fromthe first and second trenches so
that the top surface of the first insulating layer is not co-planar with a
top surface of tlhe pd\ psihpil ©bformanges malti-lagerad sémigonduceschudird ieluflingst and

second trenches; J(e) formng.an inplantatiop barrjer in the first and
second tr er%@?fgrgt;e l%'g?ngr?dﬁrg ')"g“ﬂ?tlf’(gég%fir 3&913??& t %?%ﬁb%hisbﬁ‘sﬁléwg Byer pvinge
first and aeglg)glgfatcé,ega;ahg&m@@oﬁlwn hgg@p§gﬂiface thereof is substantially
co-planar with the top surface of the first insulating |ayer 2. The nethod

of claim1, wherein said step (d) conprises anisotropically etching the
pol ysi I3 con material (2)20 $rmigea destHeanclfand laaienor, trevibr afi differigd dattiepin( f)
conpri ses OelfilrShi ng th(lj top surface of the inplantation barrier. 4. The
nmet hod of clali Prtilﬁf e Bk sai d step (e) conprises depositing
titaniumnitride on the polysilicon material in the first and second
trenches. 2 0 OO T 2903 $rming a second insulating layer in the first and second trenches;

(c) forming a polysilicon material in the first and second trenches such

that the first and second trenches are substantially filled with polysilicon material;

10 (d) removing a portion of the polysilicon material from the first and
second trenches so that the top surface of the first insulating layer is not co-planar with a

top surface of the polysilicon material remaining in each of the first and second trenches;

(e) forming an implantation barrier in the first and second trenches:;

and

15 (D processing the implantation barrier in the first and second trenches
so that a top surface thereof is substantially co-planar with the top surface of the first

insulating layer.

2. The method of claim I, wherein said step (d) comprises anisotropically

etching the polysilicon material.

20 3. The method of claim 1, wherein said step (f) comprises polishing the top

surface of the implantation barrier.

4. The method of claim 1, wherein said step (e) comprises depositing

titanium-nitride on the polysilicon material in the first and second trenches.



5. The method of claim1, wherein said step (e) conprises depositing?(0CT 203
silicon-nitride on the polysilicon material in the first and second
trenches. 6. The nethod of claiml, wherein said step (e) conprises
depositing tantalumnitride on the polysilicon material in the first and
second trenches. 5 7. The nethod of claim1l, wherein said step (e)

conpri ses depositing tungsten-nitride @&n the polysilicon nmaterial in the
first and second trenches. 8. The nethod of claim1l, wherein said step (e)

conprises deposiging Tiel Fe@dEUSE Blalnt | dewRReih P& PRUNS I erlal..in the
first and second trenches. 9. The nethod o? cléinf%,t&hgggwﬁgéé#h8%¥%b (a)

conpri ses fslicsn-nitoderomthegpolybdichn meterinkieniohfirandhdt seesndftesnoherg a second trench
that is shallower than the first trench. 10. The nmethod of claim1, further

conprising the step i ant i ions t forma L region in the.
substrate, the iérrpl aﬁ{hgt ﬁ%ho a?t_xr]?!élrm &r e‘ﬁgﬂf'f’nij‘%é‘f@??ﬁt FORPIEES JeRpHEME ati on
ions into tih@alAl-yeideidaQhe F@pﬁﬁdofalmatéflai in'fRe fif®R AP SecBhd FeAdddl 10, Tur ther
conprising the step of inplanting ions to 15 forma source and a drain

region in the substrate, the inplantation barrier preventing penetration
of inplantation % ons Thet pethied &}Spm I, coheramt suid atep (&) Tdvepnes htegosfing| ai m
11, furthert r(1:orgr[)_lrrili ridn% tt e telﬁ) of anneal in thed rrulﬁsi -l ayered structure.
13, The methoa OrMEIsme POk maleial e Brt a5d seshapd Hsed® or ming 20
polysilicon in the first trench to forma first structure and form ng

polysilicon in the spreOREtHoHEHT Blaln® :f,%ﬁ@r@answr&@lepsw)ue&ﬂgt&%es1&% oSt

met hod of claim 13, further conprising formng two first s ructuPes and
two second ZEPUEMeiske onZheTpadysitoh auhtatal ol the sl 4nd $egpbdieenabespri si ng t he
step of interconnecting 25 the two first structures and the two second
structures to fcgmanl.§RA C%'\f'l?fllocﬂﬂnz 15) 1 6. The nmethod of claim 14,
further conprising thecsPEpoGL! claim Iowhercin said step (a) comprises first torming a

[0 first trench and then forming a second trench that is shallower than the first trench.

10.  The method of claim 1, further comprising the step of implanting ions to
form a LDD region in the substrate, the implantation barrier preventing penetration of

implantation ions into the polysilicon material.

1. The method of claim [0, further comprising the step of implanting ions to
I5  form a source and a drain region in the substrate, the implantation barrier preventing

penetration of implantation ions into the polysilicon material.

12 The method of claim 11, further comprising the step of annealing the

multi-layered structure.

13. The method of claim I, wherein said step (¢) comprises forming
20 polysilicon in the first trench to form a first structure and forming polysilicon in the

second trench to form a second structure.

14, The method of claim 13, further comprising forming two first structures

and two second structures.

15, The method of claim 14, further comprising the step of interconnecting

2
N

the two first structures and the two second structures to form an SRAM cell.



i nt erconnecting the two first structures and the two second struct ures066M
forman DRAM cell. 17. The nethod of claim1, wherein said step (c)
conprises formng a single 5 layer of polysilicon material in the first
and second trenches such that the first and second trenches are
substantially filled with the single |ayer polysilicon material. 18. The
met hod of claim 1, wherein said step (c)0 conprises forming a nulti- |ayer
of polysilicon material in the first and second trenches such that the
first and second treacheShar meswbsbantdial . fikthed ddntdhisime! the | RYLIof
polysilicon material. 10 19. The nethod of claim 1, further conprising the
steps of  HéerevINggtinehide tve Stst simstibigs andythedyerseccaddtiupkantifomn BOBPRAM f or m
a LDD regiga]in the substrate, the inplantation barrier preventing
penetration of inplantation ions into the polysilicon material, 20. The

met hod of claim 19, further conprising the steps of s form ng a spacer

oxi de on the senycondte hRthout oflisdimr € wiRRsh Ee{i@ls@?t(i:p@bdu&likés EQndi Ms@gRROUr ce
in adrain region in the substrate, the inplantation barrier preventing
penet r &t i ofy®Tofinglisdisemmiatenial ionke finst andiseeonsiorenshési suomthantiediritaind sedandA

sem conduct or ,devi ce, forned.in, accor dan with the nethad of claim?20 22.
The devicehs?d@fgﬁﬁ??ﬁ?“aﬁ%ﬂ@?kwgg} SE@%ﬁEHﬁ@BB?@FmH@@WE “incl udes a
resistor and a transistor. 23. The device of claim?21l, wherein said

sem conduct or deyi ceThaéletiRSoftlaimaPItictd s diep (Ef @MIrREOForminda thufti-T 2003
11 24. A DRAMcell fornmed in accordance with the nmethod of claiml1l. 25. A

SRAM cel | fagemfcolysilige orattainkie thi finst atdescawndouhcbds soblathat the firggandAecond
mul ti -1 aye{rggch%? gllecsgggéjn%taﬁ}rr ﬁﬁédr #ffﬁ iy i-féggrp prollysslllirégﬁ material.

10 19. The method of claim 1, further comprising the steps of:

removing the first insulating layer; and

implanting ions to form a LDD region in the substrate, the implantation

barrier preventing penetration of implantation ions into the polysilicon material.
20.  The method of claim 19, further comprising the steps of:
15 forming a spacer oxide on the semiconductor structure; and

implanting ions to form a source in a drain region in the substrate, the
implantation barrier preventing penetration of implantation ions into the polysilicon

material.

21 A semiconductor device formed in accordance with the method of claim

22. The device of claim 21, wherein said semiconductor device includes a

resistor and a transistor.

23. The device of claim 21, wherein said semiconductor device includes a

capacitor and a transistor.



a substrate; 5 a first insulating | ayer disposed on said substrate, CT 2003
having therein defined first and second trenches of differing depths; g
second insulating |ayer disposed in said first and second trenches; 10 a

pol ysilicon | ayer disposed in said first and second trenches in overlying
relation to said second insulating layer; and an inplantation barrier

di sposed in said first and second trenches in overlying relation to said
polysilicon layer and formed by renoving a portion of said polysilicon

layer in said fimst anReOAQEN fdrfRAGNES0RANGSWAR R RA &j@f‘?{ahd therein and
formng said inplantation barrier in said void. 27. ti- ayered

sem conductor structure of claim26, wherein said 15 structure is an
integrated circ@. 228SRAM cellforined myasrerdameniitothdoetiond oftctaiotiur e of cl ai m
27, wherein said integrated circuit is a DRAMcell. 29. The multi-layered

seni conduct or sty.uct m. 27, wherejn said ntegrated circuit is a
SRAM cel | . 20 3&% Thg( ﬁjﬁlﬁ[ ]a%ra{j/é?nél endugior h’dﬂgrte P8t ure of claim 27,

S
wherein said structure includes a resistor and a transi stor.
a substrate,

5 a first insulating layer disposed on said substrate, and having therein

defined first and second trenches of differing depths;
a second insulating layer disposed in said first and second trenches;

a polysilicon layer disposed in said first and second trenches in overlying

relation to said second insulating layer; and

10 an implantation barrier disposed in said first and second trenches in
overlying relation to said polysilicon layer and formed by removing a portion of said
polysilicon layer in said first and second trenches so as to create a void therein and

forming said implantation barrier in said void.

27. The multi-layered semiconductor structure of claim 26, wherein said

15 structure is an integrated circuit,

28, The multi-layered semiconductor structure of claim 27, wherein said

integrated circuit is a DRAM cell.

29 The multi-layered semiconductor structure of claim 27, wherein said

integrated circuit is a SRAM cell.

20 30 The multi-layered semiconductor structure of claim 27, wherein said

structure includes a resistor and a transistor.



