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. CONNECTI ON STRUCTURE FOR SO DEVI CES BACKGRQJND[OOOldﬂ The H“esen

i nvention relates generally to sem conductor devi cesum mmm’ MI
particularly, to the contact structures for sem cond Still

nore particularly, the present invention relates to a dewiee and process

that uses sidewall butted connection and silicide nnection for
reducing structure count, conplexity, and size. §BMWWEWE[ of basic
seni conduct or device is the CVMOS static randon1acce RAN} whi ch
retains its nenory state without refreshing as |ong as <@@WEr I's supplied

to the cells. In a typical SRAM the nenory is stored as a voltage

differenti al e cell constructed of two cross-coupl ed.
inverters. Dat aﬁmwm NECT3ON STRYCTHREEORS O DIFVA@ES t wo pass

~gate transistors oppositely biased by a bit line, and a bit bar line, and
control | BAGKGR@UNDI i ne. Each inverter is conposed of a P-channel

net al - oxi de- sem conductor (MXS) field-effect-transistor (PMOSFET) in
series V\n@lg nput /output (1/0O node, and an N-channel MOSFET ( NMOSFET).
The nodel a elH‘f@%ﬁ“tté‘Fquéloé\dﬁ gaheralyt tosegatasiwtortisvicess abinok@r s of

t he otherawg fran conpecte froma bit line to the
node of a4 1] rélilfltﬁ\'/t@? Ar{tQCtA?n Cﬁg S?‘)r(ﬁef‘P%‘?ﬁ‘f‘%cf‘Hr qvicesoftibaner® from a bit
line bar pastiadydy thapeshenoRiventit® telafes Q(Brhtd%%c@'a}ld ﬂr ggss ttl?atﬁ%%é} SWﬁm

second inverter. In sem conductor menory designs,
stabl e d&ied spBpeqtion an&lrﬁ!lhgﬁebddgeeommmed for i'dmiuemgrstrdc%ﬁ%oﬁﬁfmry count

and conplcgﬁlpﬁ)&&cw& lszeadd up to a large cell

[0002] One type of basic semiconductor device is the CMOS static random access
memory (SRAM) which retains its memory state without refreshing as long as
power is supphed to the cells. In a typical SRAM, the memory is stored as a voltage
differential w1th1n a bistable cell constructed of two cross-coupled inverters. Data is
written into or read from the cell through two pass gate transistors oppositely biased
by a bit line, and a bit bar line, and controlled by a word line. Each inverter is
composed of a P-channel metal-ox1de-sem1conductor (MOS) field-effect-transistor
(PMOSEET) In series with an input/output (I/0) node, and an N-channel MOSFET
(NMOSFET). The node of each inverter is connected to the gates of both transistors
of the other inverter. An1/O transistor is connected from a bit line to the node of a
firstinverter. Another I/O transistor is connected from a bit line bar (always biased
oppositely from the Bit line) to the node of a second inverter. In semiconductor
memdry designs, large memory count, stable data retention, and speed are valued.
However, large memory count and complex structures add up to a large cell
physxcal size, which results in higher fabrication expense and slower speed. As

;uch, reducing structure count of contacts and their complexity is relevant.
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.physi cal size, which results in higher fabrication expense and sl ower
-speed. As such, reducing structure count of contacts and their conplexity
is relevant. 1 [0003] Efficient integrated circuit chip layout of a
standard six-transistor SRAM may minim ze the area required. However, as
the demand for nore conplex integrated circuits, snmaller transistors and
structures, and for faster and nore reliable perfornmance continues to
grow, new approaches are needed. Even the contact structures occupy

val uabl e area in nenory cells. Therefore, reductions in contact count,
conplexity, and size are of paranount inportance. [0004]

Shi =1 ay S1003F  tieat tsralel il i IAsaup 062 slroriai SRATBIRGTSRANE. A
thin | ayermgéz mhi ché;éﬁéﬁtrﬁchxiﬁéd.iﬁ&oeggp\ég tﬁ%&erﬂ ?orreretJb%'glgg. used for

the construction of sem condtuctor devi Cés- ese devices are fypically

i sol at ed iintegreted citouilts, smlalerisandistotshdénetasés] ahd 6t fhstyLindinore
single-crystal silicon. By constructing and separating circuit elenents
with no sdpdablaperfegnareadosinuesiagron ferbgpproaghesate deededoNB®n thevi ces.

Al so, junctl I reduced, ther chi gvi ng,hi gher. speed.
0005)" For ohekt SRt AR ESo PR Rt Gl emiety sots. TRPeive SR Rim ! he
cel I's nusbniet ¢did, @thpleRitpandbidd ard of iphardduRPffpdtitshce! N Nanomet er
technol ogy, the SO FETs have been researched Tor high-speed,

| ow- | eakagqe and hi gh-density roducts. In addition, SO technol ogy allows
for a tighU9fl oSilicon-enrinsulateri\psY) ira stiegtyre @%ﬂlh@qrtﬁtrmx@imgvmpb@aéan |

Do 201 0 oAU 5 58 R0 AP T o
t echnol ogiceystilGila®hi &¢&e the oxide may then be used for the construction of
semiconductor devices. These devices are typically isolated in individual islands of
the aforesaid thin layer of single-crystal silicon. By constructing and separating
circuit elements with no substrate connection, latch-ups may be avoided in CMOS
devices. Also, junction capacitance may be reduced, thereby achieving higher

speed.

[0005] For maximum density to be achieved in logic circuits and SRAM, the cells
must be laid out in as small a size as possible. In nanometer technology, the SOI
MOSFETs have been researched for high-speed, low-leakage and high-density
products. In addition, SOI technology allows for a tighter design rule-because of

well isolation margins.

[0006] Desirable in the art of semiconductor devices are additional designs and cell
layouts that utilize SO] technologies in tandem with other technologies to achieve
reduction in contact count, complexity and size, thereby improving overall speed

and performance.



.reduction in contact count, conplexity and size, thereby inproving overal
.speed and perfornmance. 2 SUMVARY [0007] In view of the foregoing, this
invention provides *a circuit that reduces contact count, conplexity and
size. [0008] In one exanple, a sem conductor contact connection structure
and the nmethod for form ng the sane are disclosed. The connection
structure has a.first sem conductor device fornmed on an insul ator
substrate. A non-conducting gate interconnect |ayer is fornmed on the

i nsul ator substrate for connecting to a gate of a second sem conduct or
devi ce;, sUMMARYi cide |ayer formed on the gate interconnect |ayer, and
an active region of the first sem conductor device for making a connection
t her eof . éBB%Q] This inproved contact structure efficiently and sinply
repl aces ngdR Biew of the foregoig, tus tmedntvn provédds 0dir@@thacteduekd h a met al

routing. i eases t.he alignnment tolerance for the contact. Various
aspects ag@%ﬁé’%ﬁ&&gg‘ﬂf’fl ¥h® apparent fromthe follow ng detail ed
description, taken in conjunction with the acconpanying draw ngs,

i 11 ustratfiofgs]t hin ofié SERPRSa SdmicBRJI j f.exampl es. BRI EF
DESCRI PTI ON OF THE DRAWNGS [ 0010] F&é??au‘%@fjés%“\g?h é%RSHEFﬁ“E%F{‘Sg‘?%gr am of a
st andar d BREME T formingghe barke @re @istldsedt The esnfectibASE T AGLIHAE aGfs@ PMOSFET

and a si dgya) ted .coptact, on SO in accordance with one exanple of the
pr esent invercl%)?gﬁ"?tof gﬁ‘fﬂ‘é‘? GEmed on 2n msaatar subsirate.rA nopreondettimg patpout of a

hal f  SRAMneelcbnhdrt B3RP IBBNEd on the insulator substrate for connecting to a gate of a
second semiconductor device;, and a silicide layer formed on the gate interconnect

layer, and an active region of the first semiconductor device for making a connection
thereof.

[0009] This improved contact structure efficiently and sim?ly replaces a tungsten
plug butted contact or a pair of contacts with a metal routing. This also eases the
alignment tolerance for the contact. Various aspects and advantages will become
apparent from the following detailed description, taken in conjunction with the
accompanying drawings, illustrating the principles of the invention by way of

examples.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 illustrates a circuit diagram of a standard SRAM cell..

[0011] FIG. 2 illustrates a cross section of a PMOSEFET and a sidewall butted

contact on SOI in accordance with one example of the present invention.

[0012] FIG. 3 illustrates a first pre-metal layout of a half SRAM cell in accordance

with one example of the present invention.



‘W th one exanple of the present invention. 3 [0013] FIGs. 4-5 illustrate a
first layout of the standard SRAM cell in accordance wth one exanple of
the present invention. [0014] FIGs. 6-7 illustrate a second | ayout of the
standard SRAM cell in accordance w th one exanple of the present
invention. [0015] FIGs. 8-9 illustrate a third |l ayout of the standard SRAM
cell in accordance wth one exanple of the present invention. [0016] FIG
10A presents a process flowillustrating the processing steps in a
si ngl e- phot oresi st scenario in accordance with one exanple of the present
invention. [0017] FIG 10B presents a process flow illustrating the

steps in_a doubl e-photoresist scenario.in aqcorda%pe w th one

processin ¢ >

exanpl e[@g:’*l h&1@s-ds iftustiatpa firstdayoqt of e standar diTRAM eallbiniascerdshecess 1 ow
illustrat.i,ng the proc Ing steps involving an anti-reflective coating in
accor dang gﬁ“’t ﬁxadﬁ%l%é)gﬁ%mge%?“ﬁﬁgmb?%sent i nvention. DESCRI PTION [ 0019]
The present invention provides an inproved nethod for the | ayout of a

sili con;umq’ N GaLET illislate ¥ sécdindapdutast thostagdatdSRAM cell in {ck@danend a
contact/ connection structure therein. Several exanples will be illustrated
usi ng awith an¢ exazaplesthtire pessentBWeROlL.SRAM) cel |, but it is understood that
the same technol ogy can be used for other sem conductor devices. [0020] As

o1 deval [9B T 23hn AR A1 GRERbr LA SO0 AnR YRRy, L2V

area, 1 Qyifh one example of the present invention.

[0016] FIG. 10A presents a procéss flow illustrating the processing steps in a

single-photoresist scenario in accordance with one example of the present invention.

[0017] FIG. 10B presents a process flow illustrating the processing steps in a
- double-photoresist scenario in accordance with one example of the present

invention.

[0018] FIG. 10C presents a process flow illustrating the processing steps involving

an anti-reflective coating in accordance with one example of the present invention.

DESCRIPTION

[0019] The present invention provides ar. improved method for the layout of a
 silicon-on-insulator (SQI) version of an integrated circuit (IC), and a

contact/connection structure therein. Several examples will be illustrated uéing a

Static Random Access Memory (SRAM) cell, but it is understood that the same

technology can be used for other semiconductor devices.

[0020] As will be illustrated below, the present invention uses a polysilicon (poly)

sidewall butted connection structure, between the gate poly and active area, to



-repl-ace a butted contact or a tungsten plug butted contact, or two contacts
Wth a netal routing layer in the sem conductor device. [0021] FIG 1
illustrates a circuit diagramof a standard six-transistor SRAM cell 100.
Cross-coupled inverters latch data witten frombit line BL through a pass
gate PG 1 into an inverter |I-1, which includes transistors PU-1 and PD- 1,
and sinultaneously, an inverted level, frombit Iine bar BLB through a
pass gate PG 2 into an inverter 1-2, which includes transistors PU-2 and
PD-2. Stored data can be read on access lines such as a bit |ine BL, and
simul taneously, an inverted level, on bit line bar BLB. Both of the pass

gates are swi tghed ,sinmul tanegusly by, the d_.li.n : 2
i || ustrat@ Cﬁamg nglg?}' 8}1,3%6@%%?1& éﬂggatg%%%t%éé‘t ﬁ?roér?g’%(férgg%%hllﬁi)% of the
si x-trang|i bR e sethicd i@t ce with one exanple of the
pr esent qﬂe%gé\%%%érﬂe Icsgéfun%dgr?entsq%?g&broduced In a silicon based

material island 202 that reside on an insulating substrate |ayer 204. The
si |i con [08213ndFIZ02 itastratey e circuit Hiagkamsof antandard sbotessisByGRivelons. The

I te | 206 of ~.a PMOSFET 208, .and t] |y |
Gat & |t T GueREE ORI RS e G SR oM B LG BoBgey aAycEe
deposi { SO o IRl dite2 L WiHith irludd8 bAnSistdls P2 andiTD-apksed di el ect i ¢

mat eri al” may conpri se oxl des containing nitrogen, Ta, A, or
Hf,  ni tsind@ehnesisly, arhinyertéd iededrfrah bitdinshar BB thrpugbatpasagatePERer eof .

AR REN Y SRR AT S 6 SO,
11 0L o0 b LBlncAR? i SR M el
dopi ng Bt 1R YaFBLBN Betth ob i pdie Igsiels aeoswitshethdnid2nebhslp byithe herdpeni ngs,
and di ffused down through the full depth of the silicon island

line WL. IR

[0022] FIG. 2 illustrates a cross section 200 of an SOI realization of a portion of the

six-transistor SRAM in Fig. 1, in accordance with one example of the present

~ invention. TheIC éomponents are produced in a silicon based material island 202

that reside on an insulating substrate layer 204. The silicon island 202 may have a

thickness between 20 to 1500 angstroms. The poly gate layer 206 of a PMOSFET 208,

and a connecting poly layer (or a gate interconnect layer) 210 are defined from a

single poly layer deposited on a gate dielectric, or gate oxide 212. The gafe dielectric

material may comprise 5i02, SiON, oxides containing nitrogen, Ta, Al, or Hf,

nitrided oxide, high K material (K >5), or any combination thereof. P-type low-

doped drain is implanted into the silicon island 202 through the openings in the poly

layers 206 and 210, and diffused down through the full depth of the silicon island

202 to produce the source and drain junction 214. After the sidewall spacer 216 is

proauced, P+ high level doping may be implanted into the silicon island 202

through the openings, and diffused down through the full depth of the silicon island

202 to producé the source and drain junction 218. A window patterned in a

5



202 't o produce the source and drain junction 218. A wi ndow patterned in a 5
-photoresi st |ayer allows the sidewall spacer to be etched froma sidewall
220 of the <connecting poly layer 210 in selected contact areas. [0023] A
metal (not shown), such as titanium nay be deposited on the entire top
exposed surface of all illustrated structures. A high tenperature process
alloys the netal with all exposed silicon surfaces to produce a

netal -silicide surface layer. Therefore, a netal-silicide 222 is formed on
the surface of the gate poly layer 206. A netal-silicide 224 is fornmed on
the surface of the source and drain regions. A netal- silicide 226 is
formed on the surface of the connecting poly | ayer 210. A netal silicide

210, e BbEB e 1T b RGeSt Ciy stred SFnitdSRaN 0 Bk § O
sel ect Edcw&hﬂg?oxiaz@b?w fnlbeRicld LMLt Gsns. t he remai ning sidewal | spacer

216 is cleared dielectric edge portion such as a gate oxide
| ayer edge 230 that is exposed when the sidewall spacer is etched fromthe
si dewal | [0823]t hé\ metah énotishgwpl suchay ditamiumn, mogy hedeposited |ondhe gntite topt al

because t he acr os hi ckness of th te oxide is relatively small
(o a1 eseoAares Shab st HaE tudsaih Bieh Crasiay Pheriauons e
CoSi 2, Nhﬁ tal Witiolall e bgeds% &{ facHBlR &ﬁﬁ%‘i HBGRE AR sﬁml@e rageif iN TiW
TaN.  Fur t he tal - e surf | ayer may be | ess than 350

angstro nﬂ"herefcbﬂe; a htcea;lssmcxda 222)méoappdi mahe ewsfacet dfehegttzl pady layer de6.sAr f ace

| ayer provides . an el ect I cal | st nce 100 oh a, or, less, be ween
the gat e MeidletiigHndétiste V@ngﬁdﬁ? Rer %&ﬁ‘? eP@Eﬁ'CSﬁn ‘ﬁ'@’é‘f&ﬁloﬁﬁr /e hi gh

e RO S S B L,
layer, &iliddams!is fdreneil ngtie sursesé af tis éldewall of therubnaectirgnpbly igyez @i ect i ng
poly Tay %Eccezs% ?malloyed metal is then etched off. Since a metal that is selected will not

alloy with silicon oxide, the remaining sidewall spacer 216 is cleared of metal. A

dielectric edge portion such as a gate oxide layer edge 230 that is exposéd when the

sidewall spacer is etched from the sidewall of the connecting poly layer 210 may not

be cleared of metal because the gap across the thickness of the gate oxide is

relatively small (e.g., less than 50 angstroms). The metal-silicide may include TiSi2,

CoSi2, NiSi, PtSi, WSi2, or other metal based materials such as TiN, TiW, TaN.

Further, the metal-silicide surface layer may be less than 350 angstroms in thickness.

In some applications, the metal-silicide surface layer provides an electrical resistance

of 100 ohm/ ea, or less, between the gate interconnect layer and the active region.

[0024] During the high temperaturé alloy process, not only does the metal diffuse
into the silicon layers; but also, the silicon diffuses into the deposited metal layer,
from both the single crystal silicon island 202 and the connecting poly layer 210.
Metal-silicide is therefore formed in a continuous layer 232, even across the narrow
gate oxide layer edge 230. As such, the gate oxide 212 no longer separates the silicon
island 202 from the connecﬁng poly silicon layer 210. This continuous silicide layer
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Metal -silicide is therefore forned in a continuous |ayer 232, even across
.the narrow gate oxide |ayer edge 230. As such, the gate oxide 212 no

| onger separates the silicon island 202 fromthe connecting poly silicon

| ayer 210. This continuous silicide layer 6 232 is said to have a sidewal |
butted connection structure. Fromthe perspective of an SRAMcell, this
netal -silicide |ayer nmay serve as a local intra-cell connection nechanism
bet ween the pull-up P-channel netal -oxide-sem conductor field effect

transi stor (PMOSFET) and the pull-down NMOSFET, wherein the SO P-active
area 1is directly and continuously connected with the SO N-active area.

0025] FI.G. 3.lustrates the first -metal | f_ SRAM
[ce| | } n 2 55;13&%%&@@??%@%@%&%gggfﬁéﬁ{é}qnﬁ\Q,lgenﬁ%rgﬁ?@esqf li ci ded
gate pol y, ?ﬁ?\M Eéﬁ,%hﬁﬁﬁﬁﬁ&a@hj&%&ﬁ&% 85 allécal hertdeeotralctioSRAM cel |

(not shown An area 304 1s exposed, rough a window in a photoresi st
| ayer, tmeehatismvimywedrethe mdlap P-clapackmetal axidmsaigendoetor field ¢fecpor ti on

of gate poly 302 which_is included. The i s, true.f phot or esi st
wi ndow 3B8NSiFoF EPMCEET) and ghap wnlé%\é@%ls‘”hsﬁ%&fo@ PEHEE ¥8e 310
of a siljcj. { |J: &1 g 12 formthe gates
for a PQ&@#%?%%%B&%@%%&@FMM%%Q ?gl(%c{%?é Xrgfﬁ "an inverter 318
(1-1). [0026] Silicided P+ active areas include the source 320 and the
drai n 320025] t FEG. PMGSEaEEs Rieffirst Sid-imetaldaydut 300 of adalirIAM cefl inde t he

source 324 and the drain 326 of . the NMOSFET .316., A.nmask |jne.3 is the
edge of aeerdangewith pae examplenf he EEFSSHHHVHP?%SM%T%%‘%( 8???&’%56% PMOSFET

PvosrET PR BRI R HRT R o Rt SRR SO R O, I e
the P+ dpnsgodédithrotdh @wthddweirt@pkotorasistiafer, idwetch away the sidewall :
.spacer from an edge 306, of the portion of gate poly 302 which is included. The
'same is true for a photoresist window 308, within which the sidewall spacer is
etched from the edge 310 of a silicided gate poly 312. The silicided gate poly 312
form the gates for a PMOSFET 314 (PU-1), and an NMOSFET 316 (PD-1), of an

inverter 318 (I-1).

[0026] Silicided P+ active areas include the source 320 and the drain 322 of the
PMOSEET 314. Silicided N+ active areas include the source 324 and the drain 326 of
the NMOSFET 316. A mask line 328 is the edge of the N-well ihat is implanted and
diffused under the whole PMOSFET 314. N-well doping is overwhelmed
everywhere except under the gate of PMOSFET 314 and, optionally, the portion of a
silicided neck 330 between the P+ doped drain 322 and.the mask line 328. The
silicided neck 330 is the active area that may or may not be doped P-type or N-type.
DOp_ihg is optional in the silicided neck 330, because the silicided surface shorts the
silicided PMOSFET P+ doped drain 322 to the silicided NMOSFET N+ doped drain
326. Furthermore, the NMOSFET silicided N+ drain 326 is common with the



-Ssili-cided neck 330 is the active area that may or may not be doped P-type
-or N-type. Doping is optional in the silicided neck 330, because the
silicided surface shorts the silicided PMOSFET P+ doped drain 322 to the
silicided NMOSFET N+ doped drain 326. Furthernore, the NMOSFET silicided
N+ drain 326 is common with the 7 silicided N+ source 332. of the pass gate
NMOSFET 334 (PG 1), which has silicided N+ drain 336. [0027] The
connection, by the silicided neck 330, between the drains 322 and 326
obviates two contacts, one to each drain, that are necessary in previous
technol ogies. The two drains 322 and 326, connected by the silicided neck

330, for mdilieded N-agmrcaB8Eofthe Pags &% NV EISFRAS341(06;- B, NHage il
connected to the silicided gat etppol%/ 302 by the S@S;eveéll ultl%g%ﬁcclg%?act
formed on Nh&lraiggi86306 of the silicided gate poly 302. This is the

sidewal | butted contact 232 as illustrated in FIG 2. By using the

silicided k 0..which helps for he rage node of the inverter 318,
and the silgéeml Iﬁ% Cuotntngah%lb:i’tyatgf ,Sﬂwﬁneéﬂ%%?@ﬁ%w% tg?— graina s b3 Mye node
to the sildwiisledtwatenth - sbld Gl L an .
structure is 1pr ovi ded. e‘l)'cgv\%onrfegtt% gtalacgﬁgg?g" ﬁ%é%%%@?%%\n ﬁﬁ%&ﬁé?@%‘%&%@?%&ar e
obvi at ed iThetweo drainsdP? antiiPs, eonheatdd ing tteesilicitiod nebliB3E doe@ Meddtbragd!

[ f tact it h ting, js I d by the sinpler,
DO R R Tt A S od S reBLacet DY e Sl et e
S & e eSydlGutdd Snd B ABR AL oD ST B84 EGOLARNER W LI

one exanpl'e of the present invention. s Payou of
the dense Thisisthesidetvaliciuttesicomsact 2625 ilfusblafid i?FEN Q. By Jdikg HpVghdiged and

pass gate sh in ., 3 are shown again with the addi"tion of the
symetric ar}ecg\gg%r‘t’}é’rcﬁ gﬁ%’ﬁfﬁ% the storagrnedssef thedoventerdil8eand therspdatall SRAM

cel . Pol Yod@dedn®¥e Wik cbRhdfs X gRLES s%:aage node to the silicided gate poly
302, where an area-efficient connection structure is provided. Two metal drain- -
contacts with a metal routing are obviated in the storage node, and a tungsten-phig
butted contact, or a pair of contacts with a metal routing, is replaced by the simpler,

area-saving sidewall butted contact with the metal-silicide layer.

[0028] FIG. 4 illustrates the first layout 400 of an SRAM cell in accordance with one
example of the present invention. This layout 400 takes advantage of the dense
contact st;;uctures as shown in FIGs. 2 aﬁd 3. The inverter and pass gate shown in
FIG. 3 are shown again with the addition of the symmetrical inverter and pass .gate
necessary to produce a complete SRAM cell. Poly gate layer 402 forms the gatesof a
PMOSFET 404 (PU-1) and an NMOSFET 406 (PD-1) of the inverter 408 (I-1). Pol).i '
gate layer 410 forms the gates of a PMOSFET 412 (PU-2) and an NMOSFET 414 (PD-
2) of the inverter 416 (I-2). A pass gate 418 (PG-1) connects to a node 420 of the
inverter 408. A transistor 422 (PG-2) connects to a node 422 of the inverter 416.
Metal Layer 1, as illustrated by bold lines, is used as a strap 424 for the word line,



-PMOSFET 404 (PU-1) and an NMOSFET 406 (PD-1) of the inverter 408 (1-1).
.Poly ogate layer 410 forns the gates of a PMOSFET 412 (PU-2) and an NMOSFET
414 (PD- 2) of the inverter 416 (1-2). A pass gate 418 (PG 1) connects to a
node 420 of the inverter 408. A transistor 422 (PG 2) connects to a node
422 of the inverter 416. Metal Layer 1, as illustrated by bold lines, is
used as a strap 424 for the word line, 8 and the | anding pads 426, 428, 430
and 432 for VCC, VSS, bit line, and bit line bar, respectively. An N-well
434 applies to both PMOSFETs 404 and 412. [0029] FIG 5 illustrates a first
nmetal |ayer |layout 500 that corresponds to the first |ayout 400. The first

netal | ayemnd thuw{dlﬁggauaqt@qgg 4}95%43 %EE VE%"WSC&t'leeF MdbitiRelpades a

l ocal word line 502, and the I ng pasass 4, and Met al
Layer 2, whspsctivelyt wrrnN-wclldﬂéapvm&)%thmETsm4andmﬁZ 508, and bit
l'ine bar 510. As can be seen the two netal layers are arranged in a

subst anti hi on. tal Lave the a S nes 508
and 510 atw2Pf: Hi0 Bediarea S Rl Tauer agappn ehiRTSReRan i B b

noi se shi eheltdopPUTRE $RS: mgﬂpﬁ%]er El&rght 500 Hcl‘l?ders%@él rICGHAch | r@ﬁ(ﬂHt 600
of an SRAMTell in accordance Wt one exanpl e of the présent Invention.
The secondntlaglesis l@8Dwond éme &09,anidape laidingeadsiad ehadvh mﬂF{Getlj andritfatl s, but

not the sili C|§led ag ive reg connection as shown in 2 and 3.
Met al  LaydraYVEr Z<VhiS dnégnhnxshf{%éé{%ﬁ %m%gwwm hltbeabaﬁ]ep

PMOSFET 60 ot f B npl ete

t he storﬁeé%oﬁeeﬁnﬁe%n%éﬁ%ﬁgﬁ?gﬁ@%t Eﬂbgéggéfﬁéééng%ggﬁused for
a | andi ng fpsiion.60h Metal Uagen®)thie hicass lineb508kend 310¢Hr8 ntpasised betwéekBthe620
and 622 for VCC, VSS bit line and bit |ine bar, respectively. A
connectlOIPWSPQPBEL}B‘*%W%%%@rweﬁweﬁiﬂgmpﬁﬁr 626 (1-2) as the

connection 602 in the inverter 612.
[0030]} FIG.6 illustrates the second layout 600 of an SRAM cell in accordance with

one example of the present invention. The second layout 600 takes advantage of the
sidewall butted contacts, but not the silicided active region connection as shown in
FIGs. 2and 3. Metal Layer 1 is used as a connection 602 between the drain 604 of a
PMOSFET 606 (PU-1) and the drain 608 of an NMOSFET 610 (PD-1) to complete tﬁe
storage node of the inverter 612 (I-1). Metal Layer 1 is also used for a landing pad
614 for the word line, and the landing pads 616, 618, 620 and 622 for VCC, VSS, bit
line and bit line bar, respectively. A connection 624 is used in the aame way inan

inverter 626 (I-2) as the connection 602 in the inverter 612. -

[0031] FIG.7 illustrates a se_cond metal layer layout 700 that corresponds to the
second layout 600. The second metal layer layout 700 includes Metal Layer 2, which
runs parallel to gate poly as a global word line 702, and in blocks as vertical
connection through vias between Metal Layer 1 and Metal Layer 3. The Metal Layer
2 is primarily used for wordline metal strap and landing pads for the power supply
lines and/ or the access lines. The second metal layer layout 700 also includes Metal

Layer 1, as described earlier, and Metal layer 3, which is shown running
9



[0031] FIG 7 illustrates a second netal |ayer |ayout 700 that corresponds
.to the second | ayout 600. The second netal |ayer |ayout 700 includes Metal
Layer 2, which runs parallel to gate poly as a global word line 702, and
in blocks as vertical connection through vias between Metal Layer 1 and
Metal Layer 3. The Metal Layer 2 is primarily used for wordline netal
strap and | andi ng pads for the power supply lines and/or the access lines.
The second netal |ayer layout 700 al so includes Metal Layer 1, as
described earlier, and Metal l|ayer 3, which is shown running 9

perpendi cular to gate poly as straps 704 and 706 for VCC and VSS, a bit
line 708, and ., a. bit |ine ar 710. 750032] FIG_8 |IIu§ at es the hird

| ayout 8@8rRﬁ“dé‘?’rﬂ§F$Ql\$a(§%PP Y 35 stkaps/94 588 TR fer Vekend %Iaeb%tm‘:’-lz 8.pndsent

i nventi on.pidhg t4yi#d. | ayout 800 takes advantage of both of the dense
contact structures as shown in FIGs. 2 and 3. The active conponents are
the sane as in FIG 4. Mtal Layer- 1 is shown running perpendicular to gate
poly as {0082} aﬁlﬁcﬂﬂftmhatmheahzbdﬁaydmﬁoaaﬂan5RAMcbjiltnhctdmeddnme Wik, and as
| andi ng pads ﬁ and 810 for, VSS and the word |ine, respectively

[0033] FIo&e egamtp %J%ft g Paeseat iyiengone it thirddayqut 30 takss e dvantage of Peﬂbonds

Layer 1, chure o e df PR AIG:"Y B p YR pe e RBPHERE O
902 and aeélt}fewamé%smrmczt heM&ild aylek 19s sii®sR eahninglperpéricdlar té gate al so

understood that the inverter gate poly patter ns can be extended so that
t hey overohpas ﬁétrdP §@21§°on€€0% hitdine 8Q#oErE bifdinethas 8Pvaoress lapding pasls. t he

si dewal | for d for dir ctIy connecting the drains
of the tf?éé%(fsafg-[ ors a f| rat?‘gl ?’r?sgeftﬁv ﬁat es of the transistors of

a second inverter in t he
[0033] FIG. 9 illustrates a third metal layer layout 900 that corresponds to the third

layout 800. The third metal layer layout 900 includes Metal Layer 1, as described in
FIG. 8, and Metal Layer 2, which includes straps 902 and 904 for VSS and the word

line, respectively.

[0034] Itis also understood that the inverter gate poly patterns can be extended so
that they overlap the drains of both the NMOSFET and the PMOSFET. As such,.the
sidewall butted contacts can be formed for.directly connecting the drains of the

transistors of a first inverter to the gates of the transistors of a second inverter in the
SRAM cell.

[0035] FIG. 10A presents a process flow 1000 illustrating the processing steps ina
single-photoresist scenario. In step 1002, a MOS transistor 1004 and a poly
interconnect 1006 are formed on an SOI substrate 1008. A low-doped drain (LDD) is
then implanted into the SOI substrate 1008. Sidewall spacers 1010 are formed on the
sides of the MOS transistor 1004, and a sidewall spacer 1012 is formed on the side of
the poly interconnect 1006. After a photoresist layer 1014 is coated onto the above-
mentioned structure, a phe'toresist window 1016 is developed. In step 1018, the

10



SRAM cel |l . [0035] FIG 10A presents a process flow 1000 illustrating the
.processing steps in a single-photoresist scenario. In step 1002, a MOS
transi stor 1004 and a poly interconnect 1006 are formed on an SO
substrate 1008. A |l owdoped drain (LDD) is then inplanted into the SO
substrate 1008. Sidewall spacers 1010 are forned on the sides of the MOS
transi stor 1004, and a sidewall spacer 1012 is forned on the side of the
poly interconnect 1006. After a photoresist |ayer 1014 is coated onto the
above- nentioned structure, a photoresist w ndow 1016 is devel oped. In step
1018, the 10 sidewall spacer 1010 is etched away through the photoresi st

wi ndow 103iRlewalll sae& 1010 2Qetcidd t ' i 163 ved, a
dopant is i npl an?ead into the SO%agggg?%gttgé%gB%reéﬁﬁye&{jnﬁ%?o%sPHr&rgy e N+ or
P+. In st&p20iefer the phoyeresiof layet B is rémoived, ald@shritss implanteddntethe®Olal |

t he expose |1 rfaces. e silicide_| ayer haye a hi ckness of

| ess thansg%%raiﬁgg@‘rzth?&%% gy herN‘éPszYeﬁnéFeéﬁnﬁé@r?éye& efal- { hen
deposi t ed andy, b t | | | i | | ayer
dielectri 8&%8‘12681,@%2%%%?%&{??9 %{?@tﬁc?e%ﬁsalgé ggh%ﬁﬁtgﬁ&ﬁge&f n k%rsﬁlg@cé%ﬁ ?{el ectric
1026, t henetyyhave d thicigetshef lessatha 380 aivBétedmbaydaydr ofintdiRpepdicleetied, as

shown by a bl ock 1030. The filled via 1028 connects Metal Layer 1 to the
si i ci ded18%f sihen depesited apdrplenasizedq eAftenssviar KRS isetshed gy the indatayer| G

10B present : I ]| ust.rati fhe.processin N a
doubl e- phcr‘}@?‘gisﬂpg?%g Motk et 1€ atnosial i thte ISy (RIEGE0 4045 RerkBy

i | [ ustrat gingtHel via 1028) MetalBapdas sHR&S pattenedOAIshawWAdl bl ADIAM 2030, The

i nterconnect 1006 are formed on the SO substrate 1008 i.n step 1034. The
| ow dopedfiljedivia LEA8 qomnetie Mdtatdiayier ddoithe silicided sgeface ahiersatiecelf(Be

Si dewal | %}fég%ra%sl%goquoaie formed on the sides of the MOS

[0036] FIG. 10B presents a process flow 1032 illustrating the processing steps in a
double-photoresist scenario. Similar to the process flow 1000 as ﬂlustrated in FIG.
10A, the MOS transistor 1004, and the poly interconnect 1006 are formed on the SOI
substrate 1008 in step 1034. The low-doped drain LDD is then implanted into the
SOl substrate 1008. Sidewall spacers 1010 are formed on the sides of the MOS
transistor 1004 Then, a first photoresist layer 1036 is deposited. A second
photoresist layer 1038 is deposited on fop of the first photoresist layer 1036, and then
a photoresist window 1040 is developed. This photoresist window 1040 will later be
used to etch away the sidewall spacer 1042. In step 1044, the photoresist window
1040 is developed downwards into the first photoresist layer 1036, thereby exposing
the sidewall spacer 1042, which is subsequently removed. In step 1046, after the
photoresist layers 1036 and 1038 are removed, the dopant DP is implanted into the
SOl substrate 1004. The dopant DP may be N+ or P+. In step 1048, metal-silicide
1050 is first formed on all the exposed silicon surfaces. Interlayer dielectric 1052 is
then deposited and planarized. After a via 1054 is etched into the interlayer
dielectric 1052, Metal Layer 1 is deposited onto the interlayer dielectric 1052, thereby
11



-transi stor 1004: Then, a first photoresist layer 1036 is deposited. A
.second photoresist |ayer 1038 is deposited on top of the first photoresist
| ayer 1036, and then a photoresist w ndow 1040 is devel oped. This

phot oresi st wi ndow 1040 will later be wused to etch away the sidewal |
spacer 1042. In step 1044, the photoresist window 1040 is devel oped
downwards into the first photoresist |ayer 1036, thereby exposing the

si dewal | spacer 1042, which is subsequently renoved. In step 1046, after
the photoresist |ayers 1036 and 1038 are renoved, the dopant DP is

I nplanted into the SO substrate 1004. The dopant DP may be N+ or P+. In
step 104§llineielvigilD3siMetal LApér 1 & ther phitbeledPas sHovah bytthebkxkaessl silicon
surfaces. Interlayer dielectric 1052 is then deposited and planari zed.
After a \he filledaia30%4 ecnagctsidetal haydrrit torthe gidicided siréace of Ehegmuce aithg)

Layer 1 i osjte nto the interlayer dielectric 1052, thereby 11
filling Pﬁ@g?aé‘slfggglos tal Layer 1 is then patterned, as shown by the
bl ock 1056. The filled via 1054 connects Metal Layer 1 to the silicided

surface gosyjpe HGUIG(_@FQésehﬁ% prdelstiin 058 Mu_sﬂrﬁﬁﬂ§ thé&Protksdmh&step9C presents
a process flow 1058 ifllustrating the processing steps involving an
ant i - r ef limedliving arosnti-reflecARCroatBIgHARL). tSintitar to thacprseds fiaw 100Dans

L A 0y 4 | stor 1004, and the poly.j
1006 ar o INGHTRR GFIGHd Ddot s randston 300} andhs polcat=tnlracl 10BAEa "dr i n
LDD i's ¢ Hehned BRSSO shiithed i0eTRlstcp o i 140080p i druRL DS RARERS 1010

sides of the MOS transistor 100 In step 1060, ARC
| ayer 106&plantdé hotsithe 8Odsubdttate 3008. Ridewall sphests higlQ dre fermdedvahithspacer

1062, _af SiAesRIHMES Ronepe 108t wraken b At g 1biis rporfed oRali 1670,

the ARC ls@ﬁées}%&ﬂﬁtﬂ\.& §id%m933%QCérqm.oPﬂf)€o?E§§t l%é}dm% is then
deposited on top of the ARC layer 1062, after which a photoresist window 1068 is
developed. In step 1070, the ARC layer 1062 that is exposed in photoresist window
1068 is etched away, thereby exposing the sidewall spécer 1064. Instep 1072, after
the sidewall spacer 1064 is etched away, the photoresist layer 1066 is removed.
Then, the dopant DP is implanted into the SOI substrate 1004. The dopant DP may
be N+ or P+. In step 1074, metal-silicide 1076 is first formed on all the exposed
silicon surfaces. Interlayer dielectric 1078 is then deposited and planarized. After
vias 1080 and 1082 are etched into the interlayer dielectric 1078, Metal Layer 1 is
deposited onto the interlayer dielectric 1078, thereby filling the vias 1080 and 1082.
Metal Layer 1 is then patterned, as shown by blocks 1084 and 1086. The filled vias
1080 and 1082 connect Metal Layer 1, respectively, to the silicided surfaces of the -
drain and source of the MOS transistor 1004.

[0038] The above invention provides many different embodiments, or examples,
for implementing different features of the invention. Specific examples of

components, and processes are described to help clarify the invention. These are, of
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- 1068 is etched away, thereby exposing the sidewall spacer 1064. In step

. 1072, after +the sidewall spacer 1064 is etched away, the photoresist |ayer
1066 is renoved. Then, the dopant DP is inplanted into the SO substrate
1004. The dopant DP may be N+ or P+. In step 1074, netal -silicide 1076 is
first formed on all the exposed silicon surfaces. Interlayer dielectric
1078 is then deposited and planarized. After vias 1080 and 1082 are etched
into the interlayer dielectric 1078, Metal Layer 1 is deposited onto the
interlayer dielectric 1078, thereby filling the vias 1080 and 1082. Metal
Layer 1 is then patterned, as shown by bl ocks 1084 and 1086. The filled
vias 108Q é‘,&[ﬁﬁ Sd @kNtion froibehati | i ci ded
surfaces d? F%Iﬁggggln ggg%%%%%m%?ﬂﬁﬁd%ﬁég%??§n3|stor 1004. [0038] The
above i nvaadcribad ph e daisnsrany di fferent enbodi nents, or exanples, for
inplenenting different features of the invention. Specific exanples of

d d bed hel, |
Thebe ar eitoafl 1 Aliguebaliossir Greralipents SHcaPeibr b BaRF A8, e
i nvention Egc?@ehh@tther 16%&3 crﬁa%g@s Ghal substif@d38hréintdradeghini theust rat i ve
Ve

enbodlnen the I'nvention en shown and descri bed, other

modi fi cat E&@gmn(ghﬁﬁgﬁﬁon amdoxsjmgm itt {4 Appropaiate thatt eneleppended nde?eegm ng
i nvention. Accordi ngﬁél, is appropriate tha he al%g fgged cI i M8 ?get
const r ued comssEfd brog aﬂdan ArEATEIer é%@?@f\&ﬁ’ﬂ&w&?ﬁc‘? 8&%"%? Thé

i nventi On’for?ﬁu%ﬁ\e foﬁ8&r§1@g&lme following clains. 13 LLOYD WSE CLAI M5
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1. An SRAM cell fornmed on an insulator substrate, the cell conprising: a
.first inverter having a first PMOS transistor and a first NMOS traoSyYBWISE
a second inverter having a 5 second PMOS transistor and a second NMOS
transistor; and a sidewall butted connection structure used in conjunction
with a gate interconnect |ayer for connecting drain nodes of the
transistors of the first inverter formed on an active region di sposed on
the insul atorapygstrate, to gates of the two transistors of the second
inverter, wherein the sidewall butted connection structure is a continuous
silicide layer including a junction 10 covering a dielectric edge portion
bet ween the active region and the gates of the two transistors and

consi sts of fd siddcide filmformed of silicgn fromthe_active region
and a second %sﬁ $‘.£’§¥“d%e“rf:"m?‘f8? WéH‘SB&% is}q'i’séré‘F?’ f}}e&?ﬁtcﬂglp@‘é‘f‘gsa.‘ figst InpgEetc | of

claim1l1 further c ising a first netal |ayer for formng | andi ng pads for
15 at | easthaying %%E@FMQ& Bansisigr and adirstdid is&ipppsgond ?Té’eﬁﬁr @é’tgﬂg% li ne.
3. The cell of claim2 further conprising a second netal |ayer for formng
at | eastS orfecongdMOSreangistoaland & seqond NMOSridhinsigtopzahd of sidevertl] Butedt one power
supply line or access line. 20 4. The cell of claim3 further conprising a

third met alcohageeion kwuctierused i aiwictisn Pthy: gatd iGScaMEctdsfe $6r donA&sing>. The
cell of claim4 wherein the access lines are interposed between the power

supply 14 debidNOd ofehe trhit@siors Of thENfsGRldrte? forfledidN dn AM6E Fég?thnte N&dsbd St

nmetal layer is also used for formng a connection et ween rarn nodes

of the two tﬁsf}&@&liaﬁ)tr Qhste, I t%s'écéfé{)e Oro t?ﬁ]%ﬁpo% i()P%%rsgc(a()qlaji%Y_le?rtgr,-sl\_y eelr%ﬁ lsllbe F

f
claim1 further conprising a ne active region ayer

sidewall butted connection structure is a continuous silicide layer including a junction
10 covering a dielectric edge portion between the active region and the gates of the two
transistors and consists of a first silicide film formed of silicon from the active region

and a second silicide film formed of silicon from the gates.

2. The cell of claim 1 further comprising a first metal layer for forming landing pads for

15 atleast one wordline and at least one power supply line or access line.

3. The cell of claim 2 further comprising a second metal layer for forming at least one

wordline metal strap and landing pads for at least one power supply line or access line.

20 4. The cell of claim 3 further comprising a third metal layer for forming power supply

lines and access lines.

5. The cell of claim 4 wherein the access lines are interposed between the power supply



formed thereon serving as an intra-cell connection layer connecting drain
-nodes of the transistors of the first inverter. 10 8 The cell of claiml
wherein the sidewall butted connection structure is electrically ﬁgqﬁﬁfWﬁ%
to a source node of a pass gate. 9. The cell of claim1l further co 5 si ng
a first metal layer for formng at |east one power supply line and at

| east one access line. 15 10. The cell of claim9 further wherein the first
nmetal |ayerjjjeg used for forming landing pads for at |east one wordline, or
| andi ng pads for at |east one power supply line. 11. The cell of claim?9
further conprising a second netal layer for formng at |east one 20
wordline netal strap and at |east one power supply line. 15

6. The cell of claim 1 wherein the first metal layer is also used for forming a connection

between the drain modes of the two transistors of the first or second inverter.

7. The cell of claim 1 further comprising at least one active region with a silicide layer

formed thereon serving as an intra-cell connection layer connecting drain nodes of the

transistors of the first inverter.

10 8. The cell of claim 1 wherein the sidewall butted connection structure is electrically

connected to a source node of a pass gate.

9. The cell of claim 1 further comprising a first metal layer for forming at least one
power supply line and at least one access line.

15
10. The cell of claim 9 further wherein the first metal layer is used for forming landing

pads for at least one wordline, or landing pads for at least one power supply line.

11. The cell of claim 9 further comprising a second metal layer for forming at least one

20 wordline metal strap and at least one power supply line.



