1 4 DEC 2005 1 METHOD AND APPARATUS FOR PROCESSI NG SMALL CORE CELL SIZE
SRAM STRUCTURES FI'ELD OF THE | NVENTI ON This disclosure-is directed towards
‘a met hod and apparatus for processing gate and interconnect conponents, to
sform smal | core cell size-static random access nenory. ( SRAM E&rﬂgtufﬁﬁ'

- 5 BACKGROUND OF THE | NVENTI ON Processes to formultra large sctal
integration (ULSI) enbedded SRAM products are optim zed wth respect to
several factors including device reliability and yield, device speed,

“device cell si ZeME%RSE%%DSAmDAR&TﬁS’F@MI@@étss&&esm process to make
small  SRAM cor e cel | scorRe@EIl SiZlE SFRAM seRUdTURERIUCT gem gn. Gate and

source/ drain interconnect 10FﬁMﬁf§"$%ﬁ§IﬂV%NQQb&ICant role in controlling
both device speed and cell sTze of SRAMcore —cells. Two processes commonly .

used to inprovenihespsgew &Pec{ea%%ag etﬁdoeantdqu%&goraldc g{é S"Flh'eC'ng. cide

- (salicide) process and the self-aligned contac ) roceI hotri no)
.process e | uent anneal i ng ] ,
TECenR e PR MBS R SRR P AR AR E) T8
-.a low 15 Lindrl¥s. et al  sui ci de Iayer at t eir interface e salici
- process redﬁ%%g thé&}%S|st|V|ty of silicon regions, such as polycrystalline

“silicos (pol y:silicon) ogescaRdEDUerHENARTRyY| cOn Sour cel drain

regions, which transport cted parts
Processes to form ultra large scale integration_(UL'SI) embedded SRAM products

are optimized with respect to several factors mcludmg device rehablhty and yleld device
speed, dev1ce cell size, process s1mphc1ty and cost. The base process to make small
~ SRAM core cells is critical to overall product design. Gate and sour‘ce/dram mterconnect
10 lines plal_yk a _siguiﬁcanf role in controlling both device speed and cell size of SRAM core
cells. Two processe's c‘ondmo.nly used to improve these device properties are the self- |
| eligned silicide (seli'cide) process and the self-aligned contact (SAC) process.
The sdlicidezprocess:employs metal layer deposition and‘-subsequent anneeling
_ (heatmg) to cause a reaction between the metal and underlying 5111con which forms a low
- 15 re515t1v1ty metal 51hclde layer at their interface. The salicide process reduces the
re31st1v1ty of silicon reglons such as polycrystalhne silicon (poly-silicon) gates and single
crystal silicon source/dram reglons whmh transport current to other- mterconnected parts
of the device. Reduced re515t1v1ty at 1mportant gate and source/dram interconnects can
improve ULSI loglc dev1ce speed by reducmg the resistance controlled RC time delay
20 There are drawbacks tovintegrating a standard salicide process irito ULSI logic devices.
The salicide process requires 'isolation spacers between salicide gate and source/drain

contacts. Isolation spacers increase the lateral dimension of the core cell according to




of the device. Reduced resistivity at inportant gate and source/drain

i nterconnects can inprove ULSI |ogic device speed by reducing the
resi'stance controlled RC tine delay. 20 There are drawbacks to integrati-ng
.+a standard salicide process into ULSI logic devices. The saligiﬂﬁcphﬁ ess
- requires isolation spacers between salicide gate and source/d

contacts. Isolation spacers increase2the |ateral dinension of the core cel
according to 1 4 DEC 2005 2 standard design rules. Furthernore, the
salicide process requires bare silicon surfaces in regions of the device
where netal salicidation is desired, and no bare silicaon in other regions
of the devtandard ddsignSHEs. pfuathessore,ahdiaticide prodése keairéd BarEaRcInayhce@th t op of

- the poly-silicon gate nmaterial and standard dielectric spacers, to

conpl et el yegimsbathe deties wirat meal edicidatie i desfed, SUbS6 GateRilichRIAdthdrzat i on. Thi's
elimnates the need to pattern a spacing between the gate el ectrode and

t he met al kdgat bbthe ddticss, t he SAC process reduces SRAM core cell size by

;' form ng source/drain contacts that have zero lateral spacing fromthe

gat e el ect r odeThe SAC baubsseambinega dieRbEic tap lHQMOM &p oftthepdli-8iligsd §dt€ cap on
top of the poly-silicon |layer 10 renders application o? the salicide :

- procesS difaferigidnt stallldrd) didlecRicSpace | @LofpREDP BolaleMR: gt€b&idd¥ ithyh Of sone
poly-silicon gates is too high for use in a high speed ULSI enbedded SRAM
~devi ce. PriteéquenthedaiehtiSRATh eRElUGteS teaned oypaiteahlsyacititttiesald ghde process
to form SRAM core cells. These core cells sacrifice sone density for higher
devi ce spele¢troddasd the metallization. Thus, the SAC process reduces SRAM core cell size by

formmgsource/dram contac.ts_ that have zero lateral spacing from the gate éléctrode,
~ without causing a éhort. However, the dielectric-cap on top of the pol}'/-silicén layer
10 renders application of the salicide processb‘difﬁcult. Wifhput-a salicidé process, the
resistivity o.f some poly-silicon_gateé is vt‘ob high for use‘in a high speed ULSI embedded -
SRAM device. o | |
Prior embedded SRAM products have typically used a salic_i,de process to-form
- SRAM core celis‘-. These core cells sacrifice some density for highef device speed.- A Si};- ‘
15 ﬁansistor-complementary metal-oxide-semiconductor (CM‘OS) SRAM core >c-el'l‘ 100,
_formed by é salicide process, is illusfrétéd in Figufe 1. The core cell 100 includes: (1) bit
: line-contacts 106 and 108; (2) a source/drain contact to ng 112; (3) a s_duré‘e/drain
) cdntact_ to grognd 118;'(4) source/draiﬁ co.ntécts 122,124, 126 and 128; (5)(' poly-silicon -
word line gates 130; (6) poly-silicon gates 142 and 152; aﬁd @) hé;izontal'spacings '
20 between géte and source/draiﬂ contact regions 172, 1‘?4, 176 and 178. B;;t line
source/drain contact 106, word line gafe 130 and sou:ce/drain confact-‘126 'comp'rise a first

- access transistor. Bit line source/drain contact 108, word line gate 130, and source/drain




15 transi stor conpl enentary netal - oxi de-semni conductor (CMOS) SRAM core cel |
100, ..fornmed by a salicide process, is illustrated in Figure 1. The core
cell 100 includes: (I) bit Iline contacts 106 and 108; (2) a source/drai n
.‘contact to Vdd 112; (3) a source/drain- contact to ground 1181 l’w@k
source/drain contacts 122, 124, 126 and 128; (5) poly-silicon Q 2008
gates 130; (6) poly-silicon gates 142 and 152; and (7) horizontal spacings
20 bet ween gate and source/drain contact regions .172, 174, 176 and 178.
Bit line source/drain contact 106, word Iine gate 130 and source/drain

| tact 1 f Bi t /drain
omiact TR ARTER AR kel BOSERG AT SR OB bk PR, SELASHEL LD

128 4t t /d tact. 126, te 142
and. sour 'éé?fa?gﬁ%ﬁl°c%§%f§*§f§ Feg B RShRS TR AR, SRRt S o
S /d at e d. /dranco act to ground 118
e L e S ik e

~and -sourc Lcon rise a fir oad.transistor.

Sour ce/ dr ?Fﬁlrc%lg E'afgilzzt - 3 ggi%‘}“zsgﬁ’&f &%"f"‘lﬂﬁ’iﬂ &i%f%{ﬁ?“s?& Wid 112

dt t t 42 of the f t d transistor
and the ??ﬁ??ﬁgs%orve SRR 1S o I e el e iy s seclmd |

| oad t t dt d tor. ted d tes.
130 of ¢ nevTPre Bipdieb i aee et Pt Brdon bt AL BRERL ed to. a
word line. .10 A six-transist s%ructure such as that shown in Figure
| can opefHYd Tgasigor ?,’BF%‘“’(‘?&‘F& gass 1 MMCBP%HG‘?:E‘”S’FF% 36‘58}‘3&??0(9!4 of this

~ type of c%re cell. is well known in
S river transistor are connecte and gates 130 of the first and second access transistors are

both connected toa word line.
10 A six-transistor CMOS structure such as that shown in F igure 1 can operate as a
core cell for an SRAM product. The operation of this vtype of core cell is well known in .

the art. »
3 SRAM core cell 100 can be fabricated folloWing 'standard ’ULSI/ device design
' 'rltlcs.’ _using.o. standard pol-y‘-silicon gate dcposition ptocess such as a salicide process.

‘15 However, design rnltes for such a ptocess tequire that some source/drnin contacts (e. g.; -
122) be latérally'separated from neighboring gates (e.g., 142), to avoid a short circuit or
current leal.(ogcbetv‘veen these neighboring transistot' components. For 0.25 pm
technolog’y‘design rules, a spacing 172 of about 0.2-0.3 um is reqoired betwesn contact
122 and gate 142, as shown in-F.ignre,l. Similar spacings 174, 176 and 178 are required

20 between other contacts and gates. The combined extra lateral spacing of aoout 0.8—.1 2
pm corresponds to_o significant density loss for a device with a total lateral extent of only

2-3pm.




the art. SRAM core cell 100 can be fabricated followi ng standard ULSI
device design rules, using a standard poly-silicon gate deposition process
such as a salicide process. 15 However, design rules for such a process ’
. require that sonme source/drain contacts (e.g., 122) be |at erﬁllb Eeﬁﬁ&at ed
from nei ghboring gates (e.g., 142), to avoid a short circuit # E r t

| eakage between t hese nei ghboring trénsistor conponents. For 0.254m

- technol ogy design rules, a spacing 172 of about 0.2-0.3 mis required

bet ween contact 122 and gate 142, as shown in Figure 1. Simlar spacings
174, 176 and 178 are required 20 between other contacts and gates. The
conmbi ned ext r L NU&ttBSTSES &hesd ihige 8t fefisa impved EMDS proessy thatsysomeikice thea
significant densi tY | oss for a device with a total lateral extent of only
2-3m 1 45ppees85! 7 136 andnidBéo vao ithewdaiising dwbog circidretwgeni npr oved CMOS
process that can reduce the spacings 172, 174, 176 and 178 to zero w t hout
causi ng asogfedraigfentasis 118el1fe 822, 136UR6 endii26; ancgatesdd? snd 132, THIS, 122, 124,
126 and 128; and gates 142 and 152: This - process shoul d mninize the

| at eral dirpeeasshonldgninimizsaNsterst dimerdion off antfRAM sarercell ivithong sadificinge speed.

. This inproved process should be conpatible with both a standard salicide
process difdica seeedn dhisdmpeived profegs spubore @otpatirlowih bothlatstambard|salidideni mi ze
changes to either standard process so as to optinm ze manufacturability and
m ni mi ze HEeREFT 3ndrattandarsiselffaligned cpmartpO@Ess. It should minimize changes to either

- standard process so as to optimize manufacturability and minimize additional cost.




SUMVARY OF THE | NVENTI ON A net hod and apparatus to use both an SAC process
and a salicide process within a single CMOS process is disclosed. This
conbi ned CMOS process ninimizes the lateral dinension of an SRAM core cel
by using an SAC process to reduce the |l ateral spacing. betmeﬁg st ,
source/drain contacts. and gates to zero, w thout causing a shor Be?MEen,
them This conbi ned CMOS process naiftains device perfornmance by using a -
salicide process for source/drain contacts and a few sel ected gates where
low resistivity is. nost critical to device performance. This conbined
process mnimzes changes t Sk GNYS hASAC processes, so as to
"optimze manufacturability §H§hﬂgﬁﬁﬁ§Ee a@gpﬁﬁgﬁ'ﬂbﬁo cost during C
fabrication o | r ' . J : odi nent s
i Jaetmsc%d agf;'gsm% gk ‘%‘P?@ @Qgg%géegm@iﬂﬁ%@émléﬁﬁogg§ withllP

of the conbi ned CMOS process typica serires o standard
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_process. : S process typical Ty continues w ain . extension,
| dep_OSI t Isacfl%i&ra];gld %glcep%géé\és%s,esto%]!tongptifnize manufacturability and minimize additional h v

10 cost during fabrication of a wide‘ra}nvge of ULSI and efnbedd_ed-‘ SRAM devices. -
Embodiments of the c’ombﬁried CMOS process typicél‘ly»begin wuh _series‘ of
standard ‘integravted circuit fabrication prbcedures that.include: (l:_l'eaning_'.é.nd‘ doping the
silicon substrate; forming d'ielectric. 'Vregiofl;in» the silicon substrate that éiectrically isolate
neighboring integrated 'civrcu.it deviéeé_; depo$iting- a gate:diélecu'ic; ,matefial and a
15 B polycrystalline siiicon gate material onto the silicon sub_strate;'anc:l n-type and p-type
doping selected gate regions. These procedures are compatible with standard saiicide and
| SAC processes.- A cap layer such as SiOz or SiN_is then deposited, as for an SAC |
process. In'some embodiments, the cap layer is then selectivélY‘étched to défine gate
‘regions forv saliéidation. A subsequent step selectively etches regions of fh‘e dielecfric cap
20  layer, the poly-silicon gate layer and the gété dielectric layer, as for an SAC i_)rocess.; This
process typically continues with sourcé/drain .extension, ‘.dep’osivtion and selective etching

of the dielectric spacers, and source/drain doping. The procéés then proceeds similarly to



of the dielectric spacers, and source/drain doping. The process then
proceeds simlarly to 1 4 DEC 2005 6 a standard salicide process, with
metal deposition and annealing. A nmetal silicide layer is forned by a

. reaction between the deposited netal and silicon fronluncappef4 E S and
~source/drain regions. Subsequently, the unreacted nmetal is st @

some, enbodiments, device processing is the conpleted by a series of
standard |ntegrated circuit fabrication procedures including depositing an
d selectively etching another dielectric |ayer, planarizing the device and
dep05|t|n%m&@gﬂighectlvely etchlgg metallization lines. 1 4 DEC 2005 BRI EF
DESCRI PTI BRARFRIGS ThBeBhfienoision mdanpeabine. Anrtalgiisifedgesisof t he
present inventjon will be apparent to one skilled in the art, in view of
 the fol | oA HE" Bt HRFlg Qﬁ@‘é"éf‘l‘f&tqea?ﬁ“ieﬁ mfal apd siliropifigny encappedjgatss autt es a pri or
art SRAM core cell. Flgure 2 illustrates one enbodi nrent of a high density
SRAM cor eSugfefd ralFFe@éR”é Subseqyegdy.rthy @Ee"&mﬁll’éﬂﬁ&ilﬁaﬁmpmﬁ bremgnbodi nent of a
hi gh density SRAM cor.e cell fabrication process. ures 4a-4k illustrate
the SRAM EBPdiments. deyifsprogqsging ifrthe epraplesed glb? pegigs Pﬁﬁﬁan 3y ipfegreted siredibodi ment

- described._in Figure 3. Figure. 5 illustrates features of the SRAM core.cell

fabri Csdt i @hﬂ?ﬂtl@ﬁ gg%:edlg% e T T gleRmepg gig legtively etching another dielectric

layer plananzmg the devxce and depositing and selectwely etching metallization lines.



15 1 4 DEC 2005 8 DETAI LED DESCRI PTI ON OF THE | NVENTI ON A net hod ‘and
apparatus to process source/drain contacts and gates to formsmall core
cell size SRAM structures is disclosed. In the follow ng description, for
. purposes. of explanation, specific nonenclature is set forth i%wbt vi de a
t hor ough understandi ng of the 5 present invention. However, i Ba05
apparent to one skilled in the art that these specific details are not
‘required in order to practice the present invention. For exanple, the

- . enbodi nents herein are described with reference to a six-transitor CMOS

silicon SRAM core cell, but are also appllcable to many ot her device
RE DIRGRIPAIOR HEBRAWINGES perfornmance and

~structures. The di scl okEd
increases density 10 of CMOS ULSI deV|ces i ncl udi ng enbedded SRAM Sone
enbodi ment s i nEhaehdecs, frapeess and astvigages afithSRAMnc mventivalwillibaapprdéme PMOS and
NMOS transistors having sel f- aligned source/drain contacts and

sel f -al i gAeeskdigddn the againedsw af the ifoilowing deerited desviition i hihich: di scl osed process:
enpl oys a salicide process wthout an SAC process in regions of the SRAM
core cell where low interconnect resistivity is critical (e.g., word |line.

- gates 130 of 15 Figure 1). It enploys an SAC process. wi thout a salicide
proces$ in ot hBigurekjillostsatesfa grive art SRAM carektll.where | ow resistivity is not so
critical to device performance (e.g., gate electrodes 142 and 152, and
~rel ated sour ceFigned hillogiratesaing enbodingnirof ahjgh defisifylSBsMIce@icens, spacing | oss
(172, 174, 176 and 178 of Figure 1) is significantly reduced. The detalls
of- Figure 3 illustrates a flowchart of one embodiment of a high density SRAM core

cell fabrication pro_Cess.
Figures 4a—4k illustrate the SRAM core cell structure during thev fébricétion
10  process embodimént described in Figure 3.

~ Figure 5 illustrates features of the SRAM core cell fabrication process

~embodiment of Figure 3.

15




this conbined process will be described in reference to Figures 3 and 4.
Thi's conbi ned 20 process requires mnimal added process conplexity or cost
to-a standard salicide process, and achieves significant reductlon in SRAM
core cell size with negligible performance 1loss. 1 4 DEC 200? é@

enbodi nent of this comnbi ned process may be used to formthe h éhD n&Wﬁy
six-transi stor CMOS SRAM core cell 280 illustrated in Figure. 2. SRAMcore
cell 200 includes: (1) bit line contacts 206 and 208; (2) a source/drain
contact to vdd 212; (3) a source/drain contact to ground 218; (4)
source/drain contactB 222 124 226 _and 228 5) 5 silicidized poly-silicon
~word line gates 230; 2EeRlEER SRIQNQ; YENDEON and (7) |
“silicidized poly- S|I|con gate |nterconnects 245 and 255. Bit line.

sour ce/ drai n cAnielitid a0 ﬁppmﬁumrpﬂodes%uﬁ%ﬁalrggtﬁta@ﬂ%§ ghkéﬂ%/ AL RagoNt act
226 conprise a first access transistor. Bit |ine source/drain contact 208,

a word |i nereget Sze’STAMeSIlcHAId I LAEN6s34. nInCtHé‘FofFIG{m%?d%scrfg é‘b r?o éagto
access transistor. Source/drain contact 226 gate 24 sou rain 10

cont act t expanatior spekFicaRmentleRrdis bt tsdkh Qgr8de 4 thaRaks ttngfersta%(dm Cb?/tl'fer ai n
contact 228, gate 252 and source/drain contact to ground 218 conprlse a

- seconds.dr prgdnt invéiidhs Hokvever R WiIE B4 SHpatedt AL %Hedzl%%he %@ﬂr t?lélﬁ%

source/drain contact to vVdd 212 conprise a first ran5|s

Sour ce/ dr aitiilseed iR edquiedin HArSo grRI@NEE ﬁr@ééﬁpﬁ('gﬁ@h (?roer} Vdd 212
Irs

conprise a second |oad transistor. Gates 242 of t fba transi stor

~and the fembddikéntefdrM arel deaddited Wth réfefen&g RGEL @ﬂlsﬂd}rﬁﬁgg sﬁicoh Qrilpged gate
i nt erconnect 245. Gates 252 of the

core cell, but are also applicable to many other device structures.

The disclosed method and apparatus improves performence and increases densxty
IQ of CMOS ULSI devrces 1nclud1ng embedded SRAM. Some embodiments include a
process to form an- SRAM core cell mcludmg PMOS and NMOS transrstors havmg self—
aligned source/dram contacts and self-aligned silicide gates, all in the same devrce Thls
' _dlsclosed process employs a salicide process without an SAC process in regions of the
SRAM ccre cell where low inrercOnnect resistivity 1s cx‘itiCal'(e.g;, 'word line gates 130 of
15 Figure 1). .It employs an SAC process without a salicide process in other regions of the.
“core cell where low resistivity is not so critical to device performance (e.g;, gate B
electrodes 142 and 152, and related source/drain contacts of Figure 1). In these regions,
spacing loss (172, 174,176 and 178 of Figure 1) is signrﬁcantly reduced The details of
this combined process will be descnbed in reference to Figures 3 and 4. This combrned
20 - process requires mlmmal added process complex1ty or cost to a standard sahc1de process,

“and achieves significant reduction in SRAM core cell size with neghgrble performance

loss.




second | oad transistor and the second driver transistor are connected

t hrough silicidized gate interconnect 255. Silicidized gates 230 of the
first and second. access transistors are both connected to a word |ine.
The operation of high-density core cell 200 is identical to tgit E& ore
cell 100, 20 and is well known in the art. However, high-den |t9 ofhcel |
200 is different, in that some sourc® drain contacts and gates (e.g., :
source/drain contact 226 and gate 242) appear to be in contact. ’

Neverthel ess, they remain electrically isolated owing to vertical 1 4 DEC
2005 10 displ a enent .. as v%tgl be-deicri, bed in reference to Figure 5. This
struct ural chaﬁ‘&eem HmEnh el B coImREs grocess may by ysed {q rmheihighgensity Fi gure 1,

which results in a_ gﬁé}lb size _reduction and correspondi ng device -
density i St Eansisop VS SRAYbsare k200 Hpdraiseiin Figure i §RARFW@9§%M i s that
regions 242 and 252 conprise _higher resistivity unsilicidized poly 5
“silicon, i“ffl‘@gﬁtﬂh‘gi,ll%ecFOP@gﬁaﬂéaqd@Saﬂd apggrceiiram cgniagt 1o Vardh (Mat el vy,
regions 242 and 252 do not participate:-in |ong-di stance €urrent flow, so
onl'y a sl PYHES/HaioRAghie 8rayag Lh%AF) sonrceideain cantacts 23 Pds? M andi22§; (55 cri ti cal
‘to device performance in regions 230, 245 and 255. Fortunately, these

regi ons afiicdizsd palysHicrn sierd bug gatssds8i (B) pddvailioen gates 242 and 852; a0d(7) 124,

126, and 128, and so_can undergo salicidation without increasing spacings
172, 174, sdipigized polyzsiligon gae intprgepnects 2§ andsA55a Bitding spurosiddair donmft 206pr ocess
300 used by sone enbodinents of the invention. This process 300 can form
the sili cRayorelnegie 239<And iseyres/drath qootagt 3%6|compnise a first access transistor. Bit

' » line sou;cé/drain contact 208; a word line gate 230, and source/drain contact 228

comprise a second acceSsj'transistdr.. vaource/Adrain contact 226, gate 242 and source/drain
10  contact to ground _2‘18 Comprisé a first dﬁver transistor. Source/drain contact 228, gate
252 and source/drain contaCt.tb ground 218 comprise a second driver trénsistor. :
| Sourcé/drain contact 222, gate 242 and 'source/drain contact to Vg 212 ’comprivse‘a.. first
- load transistor. Source/dréin contact 224, gate 252 and source/drain cohtact to V4q212
comprise a second load transistor. Gates 242 of the first load transistor and the first
'_13 _drivex‘ transistor are connected through silicidized gate interconnect 245.. Gates 252 of the
second load transistor and the second driver transistor are connected through silicidized
gate interconnect 255. Silicidized gates 230 of the first and second access transistors are

both connected to a word line. {

The operation of high-density core cell 200 is identical to that of core cell 100,
20  andis well known'in the art. However, high-density core cell 200 is different, in that
some source/drain contacts and gatés (e.g., source/drain contact 226 and gate 242) appéar

to be in contact. Nevertheless. they remain electrically isolated owing to vertical




gates of SRAM core cell 200. As shown in Figure 3, process 300 proceeds as
follows: (310) Carry out standard CMOS process steps including. substrate . .
doping and a transistor isolation process; (320) deposit gate dielectric
and poly-silicon gate materials; (330) N+ .pre-dope selected bé S|l|con
gate regions; (340) P+ pre-dope sel ected pon silicon gate Eg Q 50)
deposit cap |ayer; (360) selectivelyOetch selected cap |ayer regions; (370)
sel ectively etch selected regions of the gate dielectric, poly-silicon gate
and dielectric cap material |ayers; (380) deposit and selectively etch

di el ectri gsHRAGRAS as \(/fﬁ%l)deséjﬁag@ﬁf xrefe k@ o’Fxé&) sthu@nlR gL ! 1 ci de | ayer,
and renove unreacfed netal ; and deposi ectric, anarlze and
conpl et e girgnsdas $GVES 7! ach 1Lt he

oper ations of pr%%ess g%bpﬁf ﬁiﬁ%%?@ﬁﬁﬁtgéﬁgfgﬁgs%gl%sﬂ' CSl&Ence to

- Figures ARdaddon Eﬁ(gwrl%§p04ia1 élﬁe{nu: {i‘ﬁtsilr?aﬁlgregs% of gﬁ out 56%0%2 (tarfi @ 6af fier each

-step of process 300. Figure 4a tra evice’s éhﬁlo after

1120 and 5O SRETRE A RE e, BLH ﬁﬁ%"fﬁf’er.hé%%e*‘%%%nw%hhs?aﬁwghﬁ§? Ao 412 |

412; and ) a substrat rlc ma Pfate 412 is

pr eparsed,sﬂ@som chiratt BReddbll 1?2%3&?‘?91’915 gur%'\{D% gwaggg,;{gggw FOMRaLLP! e W th

SAC and sal i cli de process ese procedures ani-ng
212 by an TR ArPRLS ShELBRNG, ol BN 3o oyl PEE R e | ooos
Ehehhe B s T AT CEC N
Fortunately,_these regions are separated from source/drain_contaCts_ 112, 11v8>, 122, 124,
126, and 128, and so can undergo salicidation “dthou;‘increaSing ‘s'pac.i'ngs 172; 174, 176,

10" and 178.

F igure 3 iliustrates a flowchart of a process 300 used by'som'e emIaCdirnents of

. the 1nvent10n This process 300 can form the silicidized and un51hc1dxzed poly—sxhcon
gates of SRAM core cell 200. As shown in Figure 3, process ; 300 proceeds as follows:

(310) Carry out standard CMOS process steps including _substrate doping and a transistor - |
) lf isolation process; (320) deposit gate dielectric and poly-silicon gate materials; (330) N+.

' .pre-dope selected poly-silicon gate regions-; (340) P+ pre-dope sel_ected poly-silicon gate
regions; (350) depositv cap layer; (360) selectively etch selectecl cap layer regions; (370) -
selectxvely etch selected regions of the gate dielectric, poly-smcon gate and dielectric cap :
material layers; (380) dep051t and selectively etch dielectric spacers, (390) dep051t rnetal

20 anneal to form 5111c1de layer, and remove unreacted metal; and (395) deposit dielectric,

planarize, and complete standard CMOS processmg steps




the silicon wafer, such as a source and a drain of nei ghbori ng transi stors.
Fi gure 4b |IIustrates the device structure 420. after step 320 of process
300. Structure 420 includes: (1) silicon substrate 412; (2) substrate
dielectric material 414; (3) a gate dielectric materi al 422; znﬁ &4% a
poly-silicon gate material 424. Gate .dielectric 15 materi al 44, DEE 20fhned
first, and a poly-silicon gate materifal | ayer 424 is deposited on top of
gate dielectric material 422. The gate dielectric material 422 electrically
isolates the poly-silicon gate material 424 from device conponents in the

silicon substr ahé dFlis oetidhEorffodesd BLLRLES ' t 430 after
step 330 of process 363E Strﬂ??%ﬁe 430 Pﬁ%lJ%gghﬂ%u§£ﬁb%Uqu%§%gstrate

412; (2) subphrate-al diges karnharkeleddd: ralé%)s%@o 9a-2adh S o%“' ¢ mterial

~422; (4) poly-silicon gate material 424; ectiveal et ched
-»photore5|§hm5@gmon 432. Photoresist region 432 protects t he underlylng
regi on of 1 4 DEC 2005 12 pol y-silicon gate material 424 from subsequent -
 dopi ng. Photoresist region 432 defines an N+ pre-doped region of

pol y-si | i con gRigara®d BlbtdresARddevitle sth@Rre 330 arrd ¥t 3%‘%}(% GesPB@fLess. The
|

maski ng process includes bl anket deposition of photoresist and exposure of

a_por t 50n Stradtuieli0 RRRA1ISs: € 5) SdilidoR sl 438! ﬁﬁt(ﬁ)vaesubﬁ{mev&}blis%c haRRL 1 o0 Of

the photoresist. In this manner, a region of ‘tthe poly-silicon gate material.

| ayer is 49¢] egiliesh sﬁ@ﬁra&lﬁfﬁqggﬁg& : nbyﬁ%tep?qng H;&daiga@%g pP%QA ng typically

conprises a dose of between 4 10ns Ons/ &’ of

Pg(rjns) 523" OB&nﬁ&lb@rvﬁﬂﬂs&C afd E:ﬁkldg%mcgges UARsd ﬁH@éaH}eQ%chQ% glcﬁﬁle arﬁr%gz s
and dopmg Substrate dielectric matenal 414 is formed in silicon wafer 412 by an
lsolatron process 310 such as shallow trench isolation, LOCOS 1solatxon or PBLOCOS

100 1solat.1on. Substrate drelectnc.ma_tenal 414 electncajlly rsolates device components within

the silicon wafer, such as a source and a drain of neighboring transistors:

~ Figure 4b illustrateS" the device structure 4‘20‘ after. step 320 of brocess 300. |
Structure 420 mcludes (1) s1hcon substrate 412 (2) substrate drelectnc matenal 414; (3)
a gate drelectnc material 422 and (4)a poly-51hcon gate matenal 424. Gate dielectric
15 | material 422 is formed.ﬁrst, and a poly—sﬂrcon gate matenal layer 424 i is deposrted on top
of gate dielectric matenal 422 The gate drelectnc material 422 electncally 1solates the

poly-silicon gate riaterial 424 from devrce components in the silicon substrate 412. °

- Figure‘4c illustrates the device structure 430 after step 330 of process 300.
Structure 43_0' includes: ('1') silicon substrate 412; (2) substrate dielectric material 414; (3)
20 . gate dielectric material 422; (4) poly-s'ilicon gate material 424; and (5) a selectively

‘etched photoresist regien 432. 'Photoresist rje'gion‘432 protects the underlying region of




~300. Str

Figure 4d illustrates the device structure 440 after step 340 of process
300. 10 Structure 440 includes: (1) silicon substrate 412; (2) substrate
dielectric material 414; (3) gate dielectric material 422; (4)
poly-silicon gate material 424; and (5) a selectively etched Ehgtoresist
region 442. At step 340, photoresist region 442 enabies P+ prE*ddbCngi5of
sel ected regions of poly-silicon gat®® material 424, by a maski ng process
simlar to that of step 330. Doping typically conprises a dose of between
1 * 1014 ions/cn? and 5* 1015 15 ions/cn2 of boron, BF2 or Indium Figure
© 4e illustraggq-the dev%ce iégcture 450 after step 350 of process 300.
St r uct ur e PAETHIRE ﬁﬁ&&?.eﬂ(ﬂ? IR S UgHdopwmee Pharoresistrygion 33 defines 41 el ectri c
~material 4 (.3 ate dielectric material 422; (4) poly-silicon gate

mat eri al g%zﬂre'g?éfd(r%m%o%oz’f@@f% gieRyergl 4odpat §F5F2§38Ab¥5®0’-a§9€&)moéﬁsél ectric
- cap layer. 452, such as SiC2, SiN, or a_conbination 20 thereof, is deposited
(at step 3BOPEYRE RO mf%%@%ﬁé%w%w fhatoresipbandexgosune of appgior005 13
Fi gure 4f '%}u trates the device structure 460 after step 360 of process
| R PROGISEISY R o adlectvs yeraqvel ofrposinpaat tha RhoipTSaist (Iybis subst r at o
diefec#ric mat eri al 4%3%A§§),.gate dielectric material 422; (4) ,

pol y- st | i FEAPGt 68 10R LLe RPLyzsilicon @ty matsgiabigkerdy selaqted for subseguent o+ emg | ayer
452 and; ée;-sel ctiv&lé etcheﬂ_regions of a g?otdresigt natgrial 464. 5
Phot or esi STP TS PHR- XBYINEHIBEY SORRGRDHdoss Of Beterect P iensfsmi agér 452 from
subsequeng e;chiﬁg. EggiOns of dielectric cap |layer 452 are renoved, at
step 360, by dOL¥sR 1fiphespharous pragsenico Aftes doping, shewemhining. phptossiss 43% or s

regi ons of bare poly-silicon gate materi al ‘
. - 1s removed. . ‘ _

Figure 4d illus&ates- the device structure 440 after step 3'40,0‘f process 300.
10 ,_S-tnicture 440 includes: (1) silicon substrate 412; (2) substrate dielectric mateﬁal 414; (3)

" gate dielectﬁc 'fnateriél 422‘; (4) pol'y—s'ilicoﬁ gate material 424; and"(S)a selectively
etched photorésist region 442 At-vstep 340, photorésist region 442 enables 17;+ pre-doping-
of selected regions of poly-silicon gate rﬁateﬁal 424,bya masking-proéess similar to that.

| of step 330. Doping typi_éa-lly compriseg a dose of between 1*10'* ions/cm? and 5*10%

15  ions/cm? of boron, BF; or Indium.

Figure de illustrates the device structure 450 after step 350 of process 300;:
| Structure 450 includes: (1>) silicon sﬁbStrg_te 412;.(2) substrate dielectric material 414; (3 )
gate dielectric material 422;. (4) poly-silicon gate material 424; and (5) a dielectric cap |
layer 452. . A SOO-SOOOA dielectric cap layer 452, ‘su’chv as Si0,, SiN, or a combination

20  -thereof, is deposited (at step 350) on top of the poly-silicon gate layer 424




424 and regions of poly-silicon gate material 424 capped by dielectric cap
material 452. Regions of the structure 460 with the dielectric cap 452
wi.l | undergo SAC processing. 10 Regions of the structure 460 with bare
poly-silicon gate material 424 will undergo salicide processLng Eiﬁfre 49
illustrates the device structure 470. during step 370 of proc ,SDE 0005
Structure 470 includes: (1) silicon18ubstrate 412; (2) substrate dielectric
material 414; (3) gate dielectric material 422; (4) poly-silicon gate
material 424; (5) regions of the 15 dielectric cap |ayer 452 and; (6)

selectively et | f phot or esi teri 472. Phot or esi st :
material 472 p?%tﬁg%{it?g{rlgg?eg%se age?”c% PEIBET ??‘iafgégﬁtei’ §€‘L?f p1esess P y-silicon |
gate nmatQ[| : l.gate.dielectric material 422 from subsequent
Oreni ng " Blrllee 48 incAls 48 h SREE 2T St fiERamis el B L B 370 of
process 3 : ructur ’5.dnhcludes: (1) silicon substrate 412; (2)
~ substrat eQ%F 81%&%%?@”%%%#2@ pli’iyils,'lﬂ‘(c’?)ga ?‘%I‘Sﬁﬁ (Orregigeeridhel ectri ¢
mat-erial 476:. (4) redqiqos of poly-silicon gate material 477; and (5)
" regions .o?’_‘ep.“e’#e‘%? ga?'% 4%26“?59&1%‘?‘831}’ e\*ﬁlée%dF%Pré‘é’tf PiPROTEEERIS] ajterial 489, t he
poly-sili . te 1.4 DEC 2005 14 | ayer 424 and the gate dielectric |ayer
422 arge r,gfr?r‘%(\)/réegg(%?teréaﬁégﬁgrﬁ?ftsfr?%‘?ﬁsﬁoz&e&ﬁﬁg‘%i’ layerAAP2 (T sipsqsientor esi st 472.
The resul ting sﬁructur§;475.inciudeg regions of bare silicon substrate
412; 1 egi BREIEf Regpnsof Jielishisican layersdt3 asgsaioner. Bysiqpal6s, b esedastive ¢ mat er i al
- 476 and _gph -silicoq %at _material 477, and regions of silicon substrate
412 cover 81'%% PIgSEss 1BiS&lcBingProcesrdpi s tagionsyes bagsaioly-slisoncete mzierial mat er i al
477, and ggelgctnic cap, material 478, ' ‘
. ) _ .4 and regions of poly-silicon gate matenal 424 capped by dielectric cap material 452.
»Regio.ns.of the structure 460>with the dielectr_ic cap 452 will undergo SAC prOcéssing.»
10  Regions of the structure 460 with bare poly-silicon ga'te material 424 will undergo

salicide processing.

Figure 4g illustratgs the déyicé sfructure 470,during step 3710 of process 300. .
; "Strqctui‘e 470 includes: ( vl) silicon substrate 412; (2) subétrate dielectric maierial 414; (3)
‘.gate dielectric material 422; (4) poly-silicon gate material 424; (5) regions of the |
15  dielectric cap layer 452 and; (6) selectively etched feéions ofa photoresist matéfial 4‘?2.
Photoresist material 472 protects regions of dielectric cap layer 452, poly—silicoﬁ gate

~material 424, and gate dielectric material 422 from subsequent etching.
: v b , ,

Figure 4h illustrates the device structﬁre 475 after step 370 of process 300.
Structure 475 includes: (1) silicon substrate 412; (2) substrate dielectric material 414; (3)
20  regions of gate dielectric material 476; (4) regions of poly-silicon gate material 477; and

(35) reg_io_ns of dig:le_ctric cap layer 478. The dielectric cap layer 452, the poly-silicon gate



| nportant standard process steps for source/drain extension and pocket

impl antation (not shown) are also performed during step 370, after
structure 475 is defined. Figure 4i illustrates the device structure 480
after step 380 of process 300. Structure 480 includes: (1) SiLiﬁgE :
substrate 412; (2) substrate dielectric material 414: (3) 10 té&gD66s2088
gate dielectric material 476; (4) regions of poly-silicon gate materi al
477; (5)' regions of dielectric cap |layer 478; and (6). dielectric spacers
482. Dielectric spacers 482 are formed, at step 480, by deposition of a

diel ectri [ d.a,sel ecti etchin roc ... The conbi nation of
dielectr ilgyegg% Tméi;tg? g%?@%ﬁ%”ﬁ?%f é& ¥F Eenéopvgé@) §teﬁg§ﬁif§)8} HE08s 1| ect ed
regions of poly-silica te. material 477 from subsequent processing and 15
metal || zaPr SR O RSP d ThtEetlipe SREEEe SIS Fer A A dtiogR ai n
formation (not hown) are.al so perfornmed during step 380, after structure
480 is desflf’?]i@&.‘u;i’ atoss ﬁ}; siligon,sub réfee‘%utcﬂléerﬂjgk?)'%’g dielpqidt masrialtyoander st ep
- 390 of proggsF 300. Stggc%ire 490 includes: (1) silicon substrate 412; (2)
“subst r at €0 ¥R A CHER A 512nd 19gions 9f silipiubtetet12savacdibeedet ric materi al
476; (4) .ggions-ot p%ly-siLLcon %ate material 477; (5) 20 regi ons of
di el ect r i CC'cAp° PalvEpl 479gpoly-gificen saiemaienal 4 fcand dislestyic cap materia) 47t al
silicide _regions 492. Metal sjlicide regions 492 are forned, at step 390,
by a sal i'FPaRansgedasd progess siopyiop srymce{draipxiepgon #nd poskat énplantaiiene@ss, a | ow
resistivity silicide formng materjial, such as titanium cobalt or nickel
i s deposiShRHnaEe §fso paformed Auringepi 370 oiftes strusared Enis defined. and 500A of
‘titanium, and the silicon substrate is annealed (e.g., by rapid thermal

.processing for,, . L '
P , _ 9 Figure 4i illustrates the device structure 480 after step 380 of process 300.

Structur-e 480 includes: (1)' silicon substrate 412; (2) substrate dielectric material 414; (3)
10 régions of gate dielectric material 4-76; 4) regvions‘ of poly-silicon gate material 477; (5)
._ regioﬁs of dielectric cép layer 478; and 6) dielectr‘ic‘:‘spacers 482; Dielectric spacers 482
are formed, at step 480, by_dépositién of a dielectric material and a selective etching -
préccss. The combin_ation of dielectric cap layer 478 and dielectric spacers 482 isolates
v s'electedv regions of poly-silicon géte mé.terial 477 from: suBSequent pro_cessing: and
15 mefallizatiqn. Important standard proceSs stép.s fqr sourcc.and drain formatioh (not

'}shown)'areva.lso performed during step 380, after structure 480 is defined.

Figure 4j illustrates the device structure 490 after step 390 of process 300.
~ Structure 490 iﬁcludes: (1) silicon substrate 412; (2) substrate dielectric mate-rial‘41v4; 3
| regions of éate dielectric material 476; (4) regions of poly-silicon gate rnate_rial‘477;' (5)
20 . fegions of dielectric cap layer 478; (6) dielectric spécers 482; and (7) metal silicide

regions 492. Metal silicide regions 492 are formed, at step 390, by a salicide prqceé‘s.




- 505, (2) ubstr

bet weenl and 30 seconds at between 500C and 1000C. The netal in direct
contact with 5 silicon reacts to formnetal silicide regions 492. Metal in
direct contact with-dielectric materials (478 and 482) does not react, and -
i s- subsequently etched away. Figure 4k illustrates the device, st ture 495
after step 395 of process 300. Structure 495 includes: (1) sl ?’ bg 2005
substrate 412; (2) substrate dielect¥ic material 414; (3) regi ons -of gate
dielectric material 476; (4) regions . of poly-silicon gate material 477; (5)
10 regions of dielectric cap |ayer 478; (6) dielectric spacers 482; (7)
metal siligide. regio 492; and (8).a dielectric material 496. At step
395, a di &UERE e fﬁfd‘i‘ee?rf’%ﬁss e reesstiEseligde omsing sysersial such gsitmemwmzed, and

sel ecti vel %’bait cheggl ‘%8 ﬁ‘ﬁ{?ln structure 495. When cap |layer 478 is Si2,. a

liner |ayé& HRERC (Be- a@ﬁ‘iﬁéijﬁpéﬂﬂﬁ? Pﬁ?e“’{"éﬂléﬁ%é aﬂlééOOéleﬁo& tion. 15
Figure 5 | I I ust rat eg@ ieat ures of ~an enmbodi nent of device structure 500 .
formed by @34 Blicossybsatess pineplgr & 5,00y Tpid thegmal Rtacessing focon substrate

r a di.el ctr|C|soIat|on 510,. (3) dielectric gate :
sl at | onDeT enl(%; Pspcand B3 bPETegR SPAFerndsfB0°C; The mpel ipditktticontactguitte
el ectrodes, 525, (6 d| el ectric spacers 530, (7) cap |layer 535, (8) BPSG ‘
i sol at1 ons‘lhﬁ?}b"r‘*1 3 0%81‘*(395111%‘6?1{%&*15%% aVietabiatdirest comact with dbelvétge st r uct ur e
500 m nim zes RAM core cell size by a self-aligned. contact (SAC) -
process tﬁ’éfenﬁlé&ﬁ@eaéldt“ﬁ@ doss P%d?ﬁcélanérﬁéégwgu@éymbﬁd ayalyect ed transi stor
~gate 1 4 DEC 2005 16 el ectrodes and their source/drain nmetal cont acts to

Zer.o. l n this l%gurep Jk &I?lsstrs‘ates t?e[ c(iaevrce structure 495 after step 395 of
| process 300.
“Structure 495 1ncludes (1) silicon substrate 412; (2) substrate dielectric material 414 '(3)
‘reglons of gate drelectnc material 476; (4) regrons of poly—srhcon gate material 477; (5)
10 | regrons of drelectnc cap layer 478 (6) dielectric spacers 482; (7) metal srhclde regions
) v_ | :492 and (8) a drelectnc rnatenal 496 At step 395 a dxelectnc material such as BPSG
496 is deposrc‘ed', planarized, and selectively etehed, to form structure 495. When cap
| - layer 478 is SiO4, a liner layer such as SiN may be deposited prior to-BPSG 496
~deposition. - | |
15 . Figure 5 illustrates features of an embodiment of deuice structure 500 formed by
process 300. Device structure 500 includes (1) silicon substrate 505, (2) substrate
dielectric 1solatxon 510 .(3) dielectric gate isolation 515, (4) metal silicide layer 520; (5)
| poly-silicon gate electrodes 525, (6) dielectric spacers 530, (7) cap layer 535, (8) BPSG
isolation layer 540, and (9) contacr metallization 545.
20 Device structure 500 minimizes CMOS SRAM core cell size by a self-aligned.

contact (SAC) process that reduces the horizontal spacing between selected transistor gate




el ectrodes 525 are isolated fromsource/drain contact netallization 545 by
dielectric spacers 530 and dielectric cap | ayer 535. The horizontal
spaci ng between these gate electrodes 525 and the. netal contacts 545 is.
zero, at boundaries 550 marked by thick 5 vertical lines in F{gubg 5. Zero
spacing for these SAC. gate structures (such as gate structut8sDEG0200575
and. 580) is less than the spacing Méeded for a gate structure fornmed by a
sal i ci de process, such as gate structure 585. The space saving SAC
structure is desirable for the access and driver transistors of Figure 2.

SAC procéssin%ﬁindﬁggse re%jqns $242 and 252 of Figure 2) elimnates the
need for SpaiiRyEdheir sopseg/drain getal Gontacigyo gog. & thes A @ropesspeaf ce struct ure
- 500 rmai ntai ns hi SRAM pr.ocessi ng speed by using a low resistivity
Saliclde PRURIESSHATeiselled o Wurcs {Etin sentash metalizion MSbysEscmner o
necessary to. _match a |low resistivity peripheral circuit. Salicide -
“processi ntPAFHSs PHbAY didermnear(aysn 539 4Bie hogpental spacingfoepyagn tkes@patermi nt ai ns
overal | device performance at near that of a |lower density 15 device using
‘a st andar He<RdpETIPangd thsraetal qoaacty|SHS isaews at hovndaries 53 marked byrthickl  si | i ci de
- 520, forned by a salicide process, is also used at source/drain contacts
bet weeh t KEUH ipesdn Figwse 61 Eﬁ@'ss%n%fﬁﬁtfﬁﬁm%g@w btrucatresoisudud,gawt i nter f aces
. 560 marked by heavy_ dashed |ines. Performance of source/drain contacts, th
~al so mat cHBSUES\A78Y/ Srand §8@\is lesstham the spacing rieeded dorpr gagrestsictur@miikd by met hod -
and apparatus for processing source/drain, gate and interconnect
conponent &salicige prcaissivah bs gate strusaire 585. /khe SRARSstingSAQsEsstuteds Sever al
~ advantages over the.prior art. It enables conpatible use of both-
- sel f - al i gfrstratde for shetacessl anbdriver tensptars efkigare 2. SAC processing in these

regions (242 and 252 of F igure 2) eliminétesAthe ﬁeed for spacinlg‘s 172, 1‘7‘4,: 176;. and |
10 178 of Figure L. | | | .
| Devic¢ stméfure 500 maintains hlgh SRAM procéssing.spéed by.usihg_a ‘lo,w'
resistivity salicide process gafe structure, such as gate siruc’ture 5.85,“whe>re neéc:ssary to ’
match a low résisti%zity peﬁpheral circuit. -Salicide proceésihg m these re;gl;ons (230, 245,
and 255 of Figure 2) maintains overali dévice-per-fonnance at near that of a lower density -
15 device using a standard salicide process fobr all gatés. .

Low resistivity metal silicide 520, formed by a salicidé process, is also used at
source/drain contacts between the silicon substrate 505 and the metal‘lizatio‘n 540,at -
interfaces 560 marked by heavy dashed lines. Pérfonnanc_e. of source/drain contacts, thus,

~ also matches dévices made by a standard salicide process.. |
20 This method and appgfatus for processing séurce/drain, gaté lan.d interconnectb
components, to form small core c.ell‘sibze SRAM structureé, ha_s‘sever,a-l advantages over

the prior art. It enables compatible use of both self-aligned contact and salicide processes



1 4 DEC 2005 17 within a single CMOS process. It mnimzes the |ateral

~di nension of an SRAM core cell by using a self-ali'gned contact process
that reduces the | ateral spacing between the source/drain contacts and the
gates to.zero, wi thout causing a short -between them It rmai ntgi BE hi@h
conductivity netal silicide, by a salicide process, where necesSs 9 55
mat ch the high conductivity of peripHeral circuits. This CMOS process al so
mnimzes changes to standard salicide and self-aligned contact processes,
so as to optimze manufacturability and m nimze additional cost. The

f oregoi ng has descri bed new net hods and apparatus for processing. poly-

-si licon gatithiransingle CHMQD nroeess. It oipimivenths latéral fimensicatah SRAM c6lckilSi ze SRAM
structures.-. 10 Although the invention is described with respect to a
pr ef er r ed bgnisioglk nefieljgned dorftac atocess shat heauek ehevthtetal spacing BReeRthet O t hose
skilled in the art. It is contenplated that  changes and nodifications

maybe nmadeotree/draim contaets hed e gals @ﬂ’zfeﬁ:l;l@&ﬁﬁﬁt:ﬁusﬁfg ahefBeieRfheinn @ present
dinvention wthout departing fromthe scope of the invention. Therefore, the

scope of miwntiinyieph toructvityonds sdet&rtm d@tlciby proedsevaieendcesshiyo Cl ai ns t hat
follow 15 1 4 DEC 2005 CLAIMS W claim 1. A nethod to forma plurality of
staticSsr au_rdmhntha:h:gls sorteecniity of petteral circuits. This CMOS process also minimizes
changes to standard salicide and self_-ali-gned contact processes, so as to optimize
manufactnrnbility and minimtze additional cost.
| The foregomg has descnbed new methods and apparatus for processm0 poly-
51hcon gate and interconnect components to form small core cell size SRAM structures.:
10 . Although the mventlon is descnbed with respect to a preferred embodlment
, modlﬁcatlons thereto will be apparent to those skllled in the art. Itis contemplated that
‘ changes and modifications may be made to the matenals and arrangements of elements of
the present invention w1thout departing from the scope of the mventlon. Therefore, the
scope of the invention is to be tieternlined by‘reference to the claims that foilovs;. | :

15




structures, the nmethod conprising: a) presenting a substrate having a
dielectric material |ayer positioned between a gate material |ayer and the
substrate; b) patterning a dielectric cap region onto the gate nmateri al

| ayer to define a first region of expesed gate materi al fronigh ate
material |ayer; c) sinultaneously patterning a photoresist on ﬁgghﬂmﬁe
dielectric cap region and the first region of exposed gate material to
define a second regi on of exposed gate material fromthe gate nmaterial

| ayer; d) renoving the second regi g Qhiexposed gate material and that
portion of the dielectric material Tayer |ocated adjacent to the second
regi on ofyLxppgsed gate nmaterial to define (i) a first region of exposed
substrate fromthe substrate, (ii) a SAC gate positioned between a
dielectric cap and a SAC dielectric base, and (iii) a salicide dielectric
base positioned between a salicide gate and the substrate; e) isolating

Fegi on of - expbeldalLRAREs BHETsGSl HEE RO SAEo BrBeY PEADRSe, the SAC
gate: ANg chutes, the metned compriamg: © +  DEC 2009 |

a) presenting a substrate having a dielectric material layer positioned
between a gate material layer and the substrate;

b) patterning a dielectric cap region onto the gate material layer to define a
first region of exposed gate material from the gate material layer;

c) simultaneously patterning a photoresist onto both the dielectric cap region
and the first region of exposed gate material to define a second region of exposed gate
material from the gate material layer;

d) removing the second regioﬁ of exposed gate material and that portion of
the dielectric material layer located adjacent to the second region of exposed gate
material to define

@) a first region of exposed substrate from the substrate,

(ii). a SAC gate positioned between a dielectric cap and a SAC
dielectric base, and g

(iii)  a salicide dielectric base positioned between a salicide gate and the
substrate;

e) isolating the SAC gate by forming opposing dielectric spécers vboth on the
first region of exposed substrate and against the SAC dielectric base, the SAC gate, and

the dielectric cap;

18



f) formng both a nmetal silicide cap on the silicide gate and a netal
silicide layer on the remaining portions of the first region of exposed
substrate by depositing netal on the silicide gate and on the renaining
portions of the first region of exposed substrate and anneaILng he netal
and g) depositing a nmetal contact substantially adjacent to t é he so
that a |l ateral spacing between the SAC gate and the netal contact |s
approximately equal to zero. 2. Before patterning the dielectric cap region
onto the gate material layer, the method of claim11 further conprising:
dopi ng sel ected regions of the gate material layer. 3. The nethod of claim

1, where pr e nti rfggﬁll’ﬁg bot2ShEaE S1idigd +eﬁ5q{n RO GMELS géte ahd 8- kitgigkhe

substrate ha ng a ectric materi a ayer posiI Ti oned over a substrate

di el ect rfa %/r O%Qil$ ae%xr 1n1n lrjﬂgn Heo frsPhe Fon%f%}{%?secfl W RGE bg 8&%03 éﬁll ng:

sel ective alicrde ga m Nng OpposI &l ectric
rate and agai pst the

spacers botE he f| on of .ex bs
sali ci deMaPLYLEE Pfheldsazé S e SR RO S T DS GEBoB88TR e, mut hod
of claim4, where isaqlatjng the gAC gate further conprises
substrate and annealing the metal; an
2) depositing a metal contact substantially adjacent to the SAC gate so that a
lateral spacing between the SAC gate and the metal contact is approximately equal to

Z€ro.

2. Before patterning the dielectric cap region onto the gate material layer, the
method of claim 1 further comprising:

doping selected regions of the gate material layer.

3. The method of claim 1, where presenting the substrate further comprises
presenting the substrate having a dielectric material layer positioned over a substrate

dielectric isolator.

4. The method of claim 1, further comprising: f
selectively isolating the salicide gate by forming opposing dielectric spacers both
on the first region of exposed substrate and against the salicide dielectric base and the

SAC gate.
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conpletely isolating the SAC gate from subsequent netallization. 6. The
nmet hod of claim 1, where the salicide cap, the salicide gate, the salicide
dielectric base, a salicide drain, and a salicide source define a salicide
transistor, the nethod further conprising: patterning an isol t|on | ayer
to isolate the salicide transistor, where the isolation Iaye? g
bor o- phospho-silicate gl ass (BPSG). 7. The nethod of claim1, mhere the
dielectric cap, the SAC gate, the SAC dielectric base, a SAC drain, and a
SAC source deb! i Retiohof (ML SiRke ishREIREROE ol GRS cGAREL ST NG

sel ectively patternlng an 1solation aye to selectively 1'solate the SAC
transi st 0, i con di oxide with boron
and phos%%?lﬁtg adit ath&etgé §?ka%ﬁe ﬁ]mh%éﬁ%e eﬂ%ﬁ%gﬁfzaﬁb%m de sem conduct or

(CMOS) process, a nethod that utlllzes both a self-aligned contact (SAC)
process and a salicide process to forma nenDry, the method conprising: a)

presenting a substrate having a dielectric nmat ay posj.t.i oned
between a gat® K Bethad of cloigr Lawkere the salinids Gaay es )Cl%aﬂafeef; |Sﬁ l‘ée dielectric
cap region onto the gate material |ayer to define a first i on of

exposed @igleetrigdass; pad wﬁdedirﬁmh@dgeaiabcmla'é@weedefmayéahmmr@wt 2005

method further comprising:
patterning an isolation layer to isolate the salicide transistor, where the isolation

layer includes boro-phospho-silicate glass (BPSG).

7. The method of claim 1, where the dielectric cap, the SAC gate, the SAC
dielectric base, a SAC drain, and a SAC source define a SAC transistor, the method
further comprising:

selectively patterning an isolation layer to selectively isolate the'SAC transistor,

where the isolation layer includes silicon dioxide with boron and phosphorus added.

8. In a complimentary metal-oxide semiconductor (CMOS) process, a method
that utilizes both a self-aligned contact (SAC) process and a salicide process to form a
memory, the method comprising: !

a) presenting a substrate having a dielectric material layer positioned
between a gate material layer and the substrate;

b) patterning a dielectric cap region onto the gate material layer to define a

first region of exposed gate material from the gate material layer;
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c) simultaneously patterning a photoresist onto both the dielectric cap
region and the first region of exposed gate nmaterial to define a second

regi on of exposed gate naterial fromthe gate material |ayer; d) renoving
t he second regi on of exposed gate material and that portion of bhe
dielectric material |ayer |ocated adjacent to the second regibﬂ ECe%EBsed

gate material to define (i) a first region of exposed substrate fromthe
substrate, (ii) a SAC gate positioned between a dielectric cap and a SAC

gretectric bgse. Aunbbidy I?au%ﬁ{iﬁgC% Pfor S HAS bain RRAGCIRAAL E@;}% nPet ween a

sal i cide gate’and u ate; e) 1solating t gate orm ng

opposi ng_di.electric spacers,bath . 1 he Lrst . Q d substrate
and agai ?{g{’[tﬁ? ﬁreSE SRE A gfpeocs‘?(} g%e gge&af {&hdgﬁgéﬁsécgfl é?%%rgof%%ﬁggégggﬁgect ric cap;
fl formng hoth a.,metal silicide cap on the silicide gate and a netal
siIicidén%§9éﬁﬂﬁﬁﬂFﬁ@E?%ﬂﬁ?ﬂﬁﬁﬁnportions of the first region of exposed
substrate by depositing netal on the silicide gate and on the renaining
portions of tHe fiF@evipgHiesscaid regippeberpresrsaateiatetaland b BPTHAB Of he net al ;
and g) depositing a nmetal contact substantially adjacent to the SAC gate so
that a thadislestricspatetial daviseloseted adjneensmahe sgecond ragiantad cipasad géont act i s
approxi mately equal to

material to define

(i) a first region of exposed substrate from the substrate,

(ii) a SAC gate positioned between a dielectric cap and a SAC dielectric
base, and

(iti) a salicide dielectric base positioned between a salicide gate and the
substrate;

€) isolating the SAC gate by forming opposing dielectric spacers both on the -

 first region of exposed substrate and against the SAC dielectric base, the SAC gate, and
the dielectric cap;

f) forming both a metal silicide cap on the silicide gate and a metal silicide
layer on the remaining portions of the first region of exposed substrate by depositing
metal on the silicide gate and on the remaining portions of the first region of exposed
substrate and annealing the metal; and | !

g) depositing a metal contact substantially adjacent to the SAC gate so that a

lateral spacing between the SAC gate and the metal contact is approximately equal to

ZEro.

21



zero. 21 1 4 DEC 2005 9. Before patterning the dielectric cap region onto
the gate material layer, the nethod of claim8 further conprising: doping
sel ected regions of the gate material layer. 10. The method of claimS8,
where presenting the substrate further-conprises presenting Lze Eébstrate
having a dielectric material |ayer positioned over a substrat 8 | 28bric
isolator. 11. The nmethod of claim8, further conprising: selectively
isolating the salicide gate by form ng opposing dielectric spacers both on

the first regyo Sl 1164 ielectric
base and the 9'8%835%%%%m?ﬁ? %rcéﬁ%gqg?()@ ?Igtlb %%Sg,attﬁgtr%ghtlﬁ%&’gg i ci de cap,

the sali¢jde t tLhe licide dielectric base, a salicide drain, and a
salicidengogpggcgg?%ggﬂ%§§% ?%PH% transistor, the nethod further

conprising: patterning an . solation |layer. . to isolate the salicide
transi stor, wh&tes qulue@qu§8$18?§ %ﬁhs gaﬁglra}/qnﬁ]cllaﬁ?ies bor o- phospho-silicate gl ass
(BPSG . 13. The nethod of claim8, where the dielectric cap, the SAC gate,

the SAC dielectric base, a SAC drain, and a SAC source define a SAC

transistor, the nethod further conprising: )
10. The method of claim 8, where presenting the substrate further comprises

presenting the substrate having a dielectric material layer positioned over a substrate

dielectric isolator.

11. The method of claim 8, further comprising:
selectively isolating the salicide gate by forming opposing dielectric spacers both
on the first region of exposed substrate and against the salicide dielectric base and the

SAC gate.

12. The method of claim 8, where the salicide cap, the salicide gate, the salicide
dielectric base, a salicide drain, and a salicide source define a salicide transistor, the
method further comprising:

* patterning an isolation layer to isolate the salicide transistor, where the isolation

/

layer includes boro-phospho-silicate gIass (BPSG).
13. The method of claim 8, where the dielectric cap, the SAC gate, the SAC

dielectric base, é SAC drain, and a SAC source define a SAC transistor, the method

further comprising:
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22 1 4 DEC 2005 selectively patterning an isolation |layer to selectively
isolate the SAC transistor, where the isolation |ayer includes silicon

di oxi de with boron and phosphorus added. 14. In a nenory device, a high
speed ultra large scale integration (ULSI) enbedded static randgom access
menory (SRAM) device and a densely packed ULSI enbedded SRAM 8eDEGe2006r med
by a nethod, the nethod conprising: a) presenting a substrate having a
dielectric material | ayer positioned between a gate naterial |ayer and the

substrate; b) se?&ht«ag?hea&ma dh fbEs %;ﬁ nafye%rgereawemselaﬁeqh& bﬁ(ﬁ%&sﬁ?t erial

| ayer to define a glon of exposed material fromthe gate

mat eri al whg%%e‘ 1s81)at1(§ﬂ lqyér @fﬁ%‘é %rllxoﬁ) ?l{o&%r Q\h@ﬁ)o orngl%t gﬁ‘l ?lES QAL P both the

dielectric cap Teg region o e material to
define a second reglon of exposed gate naterlal fron1the gate materi al
| ayer; d) renoving the second region of exposed gate material and that
portion of the dielectric materi.al yer | ocated adjacent tq the second
regi on of expbbeld %?@Oryrﬁiﬁi”@?’la&’rlglt Weﬂiflﬁt‘ﬁé‘argi} )‘Cage injegeatiopdyL8h of exposed
substrate fromthe substrate, (ii SAC gate positioned between a
di el ect r ¢rabasdpd siptc ndpagicas r@empryc(SRMé)egevm@n@ iideysely pagkedVH_I di el ectri c
base positioned between a salicide gate and the

embedded SRAM device formed by a method, the method comprising:

a) presenting a substrate having a dielectric material layer positioned
between a gate material layer and the substrate;
b) patterning a dielectric cap region onto the gate material layer to define a
-first region of exposed gate material from the gate material layer;
c) simultaneously patterning a photoresist onto both the dielectric cap region
and the first region of exposed gate material to define a second region of exposed gate
~ material from the gate material layer; |
d) removing the second region of exposed gate material and that portion of
the dielectric material layer located adjacent to the second region of exposed gate
material to define
(i) afirst region of exposed substrate from the substrate,
(i) aSAC gate positioned between a dielectric cap and a SAC dielectric
base, and
(iii) a salicide dielectric base positioned between a salicide gate and the

substrate;

23



substrate; 23 1 4 DEC 2005 e) isolating the SAC gate by form ng opposing
dielectric spacers both on the first region of exposed substrate and

agai nst the SAC dielectric base, the SAC gate, and the dielectric cap; f)
formng both a netal silicide cap on the silicide gate and a netal silicide
| ayer on the remmining portions of the first region of exposéH SDEEtﬂwﬁe by
depositing netal on the silicide gate and on the renaining portions of the
first region of exposed substrate and annealing the netal; and g)

deposi ting a gret al;sAMHant SAE E@awoahh.go?ﬁ&ﬁ&gemele&tﬁcfs eraMGitGH @esSO that a
| at eral spacing between the SAC gate an e metal contact is approxinmately
equal to . I i i.C L onto the
gat o e B GEoRgp EibosPE RGP R sl heh B B Khu WG BRE a0 g

sel ected,r 'ogf of the gate material |ayer. 16. The nethod of claim 14,
furt her @%ﬁ%‘? P> sel ectively isolating the salicide gate by forning
opposing dielectric spacers both..qn the fjrst region of exposed substrate
and agai nst the safP’l’”&‘i“&go@iaéP%téltﬁlli“‘dd%%?é’éméh‘aS‘{l de g@ﬁ@l %1’6"8?3?51?“’1%6

layer on the remaining portions of the first region of exposed substrate by depositing
metal on the silicide gate and on the remaining portions of the first region of exposed
substrate and annealing the metal; and

g) depositing a metal contact substantially adjacent to the SAC gate so that a
lateral spacing between the SAC gate and the metal contact is approximately equal to

-ZE10.

15. Before patterning the dielectric cap region onto the gate material layer, the
- method of claim 14 further comprising:

doping selected regions of the gate material layer.

16. The method of claim 14, further comprising:
“selectively isolating the salicide gate by forming opposing dielectric spacers both
on the first region of exposed substrate and against the salicide dielectric base and the

SAC gate.

17. The method of claim 14, where the salicide cap, the salicide gate, the salicide
dielectric basé, a salicide drain, and a salicide source define a salicide transistor, the

method further comprising:
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17. The method of claim 14, where the salicide cap, the salicide gate, the
salicide dielectric base, a salicide drain, and a salicide source define a
salicide transistor, the nethod further conprising: 24 1 4 DEC 2005
patterning an isolation layer to isolate the salicide transisﬁgr where the
i sol ation layer .includes boro-phospho-silicate glass (BPSG . .DEﬁeﬂmﬁthod
of claim 14, where the dielectric cap, the SAC gate, the SAC dielectric
base, a SAC drain, and a SAC source define a SAC transistor, the nethod

further conprjsteRting SEkEIahbNRYN t&Rolae the BalicRld th2SikRY, vHerd MY Roldtdn
selectively isolate the SAC transistor, where the isolation |ayer includes

silicon g &)ﬁh&gdég,iburb_@ggﬁg%_gﬂgatpQﬁﬁt}%@ggﬁsadded. 19. The nmethod of claim

14, where the nenory ses a ity six transistor conplinentary
nmet al - oxi de sem conductor (CMOS) static random access nenory (SRAM core
cell. 20. The nethod of claim19, where the six transistors include two

access Lransi 5 ofs,. LyGy SF LNEY 14 ARl 8L, WOShOT BR¥AS 07 5. 25
dielectric base, a SAC drain, and a SAC source define a SAC transistor, the method
further comprising:
selectively patterning an isolation layer to selectively isolate the SAC transistor,

where the isolation layer includes silicon dioxide with boron and phosphorus added.
19. The method of claim 14, where the memory comprises a high density six
transistor complimentary metal-oxide semiconductor (CMOS) static random access

memory (SRAM) core cell.

20. The method of claim 19, where the six transistors include two access

transistors, two driver transistors, and two load transistors.

25




