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FI LM TRANSI STOR SRAM DEVICE WTH A TI TANI UM NI TRI DE OR SI LI Cl RE/@APEOAND
DEVI CE MANUFACTURED THEREBY BACKGROUND OF THE I NVENTION 1. Field of the

| nvention This invention relates to sem conductor devices and nore

particularly to { C random access nenory sem con--. ductor devices. 2.
Descriptio \EM\“\W@%@W\AW In VLSI sem conductor circuits nmenories are
formed of ctor devices, which store data by neans i
charges. Differeft“types of such menories include Static Ra H“H&"lﬂ@mgﬂﬁ“m
Menmories (SRAM s) , Dynanmic Random Access Menories (DRAM s), Read Only
Menories (ROVs), etc. These sem conductor nenory devices can he CtS’ﬁ’&zked in
very large nunbers of nmenory cells with a large storagé capacity in ar t

space with very | ow volune and can be manufactured at a | ow cost. Anobng
these nenories, the a static type senicdnductor mermory has been widely used

as a rfandom access N £~ U’FAQ'?G $& i aﬁq ﬁe,l;lgi‘}% %@8&‘3 E;ta Wi t hout
d l[ly b .
SRS e S e e

circuits each of which stores one information The C 1105 flip-flop

circuit is conposed of a p%ﬂc&&o%g%m}% MNM&\M effect r

1. Field of the Invention

This invention relates to semiconductor devices and
(f) more particularly to a static random access mémory semicon-
ductor devices,

2. Description of Related Art

In VLSI semiconductor circuits memories are formed of
semiconductor devices, which store data by means of electric
charges. Different types of such memories include Static
Random Access Memories (SRAM's), Dynamic Random Access
Memories (DRAM's), Read Only Memories (ROMs), etc.

These semiconductor memory devices can be packed in very large

numbers of memory cells with a large storage capacity in a

Py

space with very low volume and can be manufactured at a low
cosl. Among these memories, the static type semiconductor
memory has been widely used as a random access memory (RAM),
because it can retain stored data without periodically being
refreshed during operation.

The static random access memory (SRAM) can be imple-

mented hy a large number of bistable flip-flop circuits each
of which stores one bit of information. The CMOS flip-flop

clrcuit is cemposed of a pair of N-channel MOS field effect



'.21/0172003 _ 2 transistors and a pair of P-channel MOS Field effect
transi stors used. as a nenory cell because of the very | ow powel/@bi2908pt.i on
of the CMOS flip-flop circuit, However, the CMOS flip-flop circuit
generally requires a relatively large surface area on a sem conduct or
substrate, so in the past, there has been a limtation to the capacity of
an SRAM by enpl oying the CMOS flip-flop.- Several years ago, a design was
adopted in which the cell includes a partial substitution of thin film
transi s- torscdriEiEspr cand kephit i e tRERafeyl ¢S ofcbd pat fecdf tPaghannel MOS
transistors of the CMOS flip-flop circuit in a Silicon-On-lnsulator (SA)
structure. AREDIHSNYSed ashe TEToBY B bectriqed, thaeverc HawnebwaOS

transi stors are forned aé surface of sem conductor substrate and the
P- channel I\/Eg”fsf‘ﬁf}%gg?o? tﬁ’fv@%%eﬁ“ﬁéﬁ??%a@eﬁf“&fr‘a_ PAPEFYst4Fl i ne |
silicon |ayegysd A4g08p yc?t'r%hk%” er?éxja'l‘ignrécgl)’i‘?:.res"‘@' &l 451 Wgrcié‘ the
surface of the sem Conductor substrate over an’insulatTng layer. Accordi ng

to this techahsitire bP8a AR RLoALARSLSESH,GR1] ,ONET | @R RRLE, Of the
N-channel MOS transistors, and therefore the space required by each cell of

an SRAM i s releoechasAbpsold atmatbbidheacabny ecgRRiegchs i n tdraM bypi cal
polysilicon TFTs suffer froma high negative threshold voltage. t
21/ 01/ 2003 -°™PlayiiwaRye MOPHELLRNVENTI-ON One thoice for sol ving the probl em

of high negative gthreshold voltage is to use a er.i al ose Ferm |evel
is situated near eﬁ'griain]tﬁar{ssi ng’évaeld,sesyivﬁf‘c“a? e%‘%%t &4 gnawgl.cg% 5l t
reduction incdiy thenalys r&@acingd: tHahiigle Degald VeiNok] ARG ratdus-t he

n€ elty of the invention is the use as a control gate electrode material of
atmateri al hbersng TTshr shalhe beviedd rEDY dehbcéeantati aspeit evelP-sheh-as Ti N or

refractory netal silicides. In accordance with this invention, a nethod is
provi ded for"fbi¥iSh§rans kst rh FieIA08t £éth-Eiom&iEEBEt o & seni conduct or

substrate Ofsﬁlfédﬁﬂbng?H§G%§éd%iR¥O£>“§%Qu@ghggirwﬁccording to the TFT

oxr SOI technique, the N channel MOS transistors are formed
at a surface of a semiconductor substrate and the P-channel
MOS transistors have been fabricated by a polycrystalline
silicon layer or a monocrystalline silicon layer which is
formed on the surface of the semiconductor substrate over an
insulating layer. According to this technique, the P-chan-
nel transistors can overlap a part of the N-channel MOS
o transistors, and therefore the space required by each cell
‘ of an SRAM is reduced.
A problem with the above approach is that typical
polysilicon TFTs suffer from a high negative threshold

voltage.



* the steps as follows: 1) form conventional N+ and P+ source/drain regions
of a field effect transistor in the substrate, a gat&1éR1d&Bayer over the
substrate and a control gate el ectrode over the substrate to form FET
devices. 2) deposit an interconductor dielectric |ayer over the FET
devices, 3) forma buried contact via opening through the interconductor
dielectric layer to a drain region, 4) deposit a Ti NRefractory metal
silicide gate layer to forma buried contact in the via opening, tor
21/ 01/ 2003 - 4 5) form a masguMaly bhergpigvkRyesy and pattern the gate
| ayer by etching of control gate electrode to Torma control gate, 6) form
a thin filmtransPse ghqjakeefoxisid viagethe prebilag ¢heighposgdt e f aces of
t he control g%tEe el ectrode, 7) deposit a sem conductor ‘polysilicon thin

filmwhich i STERIBPEY Yditaget b S M # reafeirdpdr vhres FETBRahpesl dfer the
gate oxide | erform t. .1 pl ant just ment. of, the device by
doping with -?&ng%rrp Y 3%568 g%%%r#ﬁﬁog%ﬁ% ’ugﬁggga ?s"’lqﬁsaiao.%e of from
about 1016 atoqms/ 08B t:uRReYEN 1O 'viat eABLANB realds 9 (Y Mikhi Redd] M

transi stor source/drain regions by ion inplantation in the sem Tonduct or
pol ysilicon ttivie ¥bltagelhen forma TFT pol ysilicon mask for patterning the
polysilicon thin filmand etch to remove unwanted portions of the thin
film 10) Perfor Ah4¢ abfar@vBAEX @nhdhel dvetrionghs seedndeandsaf. | n

accordance wth another aspect of this, ipvention, a F ' m conduct or
devi ce conp\r,\lzcstjlnﬁﬁog 424 é%%ﬂflﬁ?‘g‘? “?ﬁ%?é%gr%{]&} materiah h(‘f%ﬁé‘ﬁc?i viut y type
conprises as diQle:Q¥sy fdved hbhsleddSukat A havel [eLned eyt be

Sf,m' conduct or
,} refractory metal silicldes,

In accordance with this invention, almethod is provided
for forming a thin film fileld effect transistor on a semi-
conductor substrate of a first conductivity type including
the steps as follows:

1) form conventional N+ and P+ source/drain regions of a
fleld effect transistor in the substrate, a gate oxide
layer over the substrate and a control gate electrode

over the substrate to form FET devices.

2) deposit an interconductor dielectric layef over the FET
{ > devices,
3) form a buried contact via opening through the

interconductor dielectric layer to a drain region,
4) deposit a TiN/Refractory metal silicide gate layer to

form a buried contact in the via opening,



substrat e; a 21/01/2003 2) athinfilmfield effect transistor forned on
t he sem conductor substrate over the first insulatinglayB/0Bjadd8 thin film
field effect transistor including acontrol gate el ectrode forned on the
first insulatinglayer conposed of a material having a Ferm |evel nearthe
intrinsic level such as TiNor refractory netalsilicides,4)a second

i nsul ating | ayer covering an upper surface andl first and second side
surfaces of the control gat eel ectrode, and=)a sem conduct or fi | m formed on

th ' duct or substr at f d I I d
naving a 11181 1 culioh Sof 44 ARGt E R ATTT o 18 BRSABRI o1 8 he. 11 7ot

conductivity typ 0, o] f oYV kY formed in
contactwith a fi %ﬁﬁé%?ﬁ@é!ﬁg{gflerfs%orﬁ%glohéﬁ Y a t%lhlfdlrtéglf%%ﬁo the first
conductivity typecatutofiogaesl, i ncontact with a second end of the first
regi on, thecontrol gate electrode and a part of the first regi onbeing
over | apped whth efem @t hbin ofddm thenskstond gehsuexideatliaygrl ayeerinche second

end of the first region beingapart fromthe second side _surface of the
control gat eel ect Y& B§Se o B7aREE Mbrid'® FARTEC HARNELECEF S par tof t he
second insul atin gl §O nd h20 surface
of .t he contro? ggc'%é el é:c%r%%%iéazﬂ\ghgg?%?og' er??ﬁ%%%dt%;‘t %hﬁe‘g}gﬁ% ?(')SI gate

el ectrode, whereitnddpedsespnd e Ehik d120Qii086r SQI4& cAShanfOUI & rand a
drain of the thin filmfield effect transistor, respectively. BRIEF

DESCRI PTI ON OF Tkﬂl@mmkl\l%idlmelaﬁf@regoi ng and other aspects and advant ages
of this i nve%l on ar | ai ned lmpg descrj bed below with reference to the

acconpanyi ng 9vhi th: &Nt BYSHReaR *f etcf‘ter Geytce Remat i ¢

d(agram of a Re+ ot Al RaRdEM. AGC g 2 shows
a partial secti ona vr%g)éw B? Q@e condud’ﬁsce B ﬁﬁ%% ?éwhw%]hAl\ﬁ devi ce

of FIG 1 fOCUSS|QgidHé06faﬂr@ﬁ%oﬁi wlFla@omls/amk@si dnpudotived 4d-nes. FIGS.
3A- 3E shows a section of an area A2 in FIG 1 about the TFT drive

transi stor T4. DESGRIdRPBIOAhd®F THE PREFERRED EMBODI MENT FIG 1 shows an
el ectri cal emati c dia type Static, Random Access Menor
Comany T e S e TR Sy ot e A S PRl E2 b A

MOS drive transi Serél_lsan-E%ts?QQ i tfh‘ér LR AR Abi-Ppb] PP 1GIdoqUikh A0 which the
transistors T3 and T1 have control gate el ectrodes el ectrically connected

to node N1 to forfidnfi Teen OM3IS ianTELt poliarid icthe trasindicst prstddninmd T2 have

control gate electrodes electrically connected to node N2 form ng a second
CMOS i nverter. Notfd BEYSA4IFEN diphéiim aid gfgh to remove unwanted

portions of the thin film,
10) Perform standard back end flow through second metal.

In accordance with another aspect of this invention, a

=N

semiconductor device comprising a semiconductor substrate of
a first conductivity type comprises as follows:
1) a first insulating layer formed on the semiconductor

substrate;



"~ 21/01/2003 _ 7 _ second CMOS inverters are connected to a pair of digit
lines DL and DL(bar) via a pair of N-channel transfer gatlA0la 3stors T5
and T6 having their control gate el ectrodes controlled by a word |ine PTL
respectively. Polysilicon thin filmtransistors (TFTs) typically have high
Vt due to grain boundaries. This make a polysilicon TFTs unsuitable for a
3.3V SRAM application. TFTs will not be- suitable unless the Vt can be
| ower ed, but polysilicon has the opposite effect. In addition, typically P+
polysilicon, 2 mhi G th$nUBETh GARYENE E ARl k¥ah&i SLrMebBR& 00 dle gate
el ectrodes adds an extra interlayer and cannot be used as an interconnect.
I n accordance wi tdentiBbadudmentsubpttdie eobtrthe gAetelesi ool the TFT is
conposed (instead of doped polysilicon) of a material selected fromthe
group consi sting I#fyeri.taniumnitride (TiN) and a refractory netal silicide
selected fromthe group consistigg of tungsten, titanium  nolybdenum and

i

tantal um Theke rdfr &8E8r 5l Hbtfdrle ¢55cFe S PR/ 1odr ANCL YIS dhear the
intrinsic level. T e t i tani jtride or # c | f
silicide for the Ccogﬁttr;dgl gfg%? eélee%g(%?é%?‘e&ﬁgae?rg tthrziee f%%ggfil?%%laggh rol gate
el ectrode of the RByehansgpodddl odeyi §@serialNELriMie of Fatmbanskof relat-ani um
nitride and the refractory netal silicides is near m dgap. .y 21/01/ 2003
_ g FIG 2 shows thepdntiahs sedisivedabust ew BiNaosemfcentdory oret@itbodi nent of
t he SRAM devi ce of, FIG_ 1 focussing upon an area Al in FIG 1 marked by
dotted lines. In ﬁ@ﬁﬁ?gﬁ?’FlG. 2 shows a P- doped silicon sem conduc for

substrate 104phi ch has.a FRLTr89ingn e f QLed; thereln wi.t b, the Jeggi nder
covered with Xgnventloﬁalfgate ofﬁde;%zyef 131W?§ﬁ\§%th %ﬁ[)region 12
I@eat ed at the jufidstoanbetyeaiy shaesourfaeesf oflrine con@bsl s§te T3 and t he

drain of pass transistor T1l. Above the FOX region and to the right thereof
is a polysilicon $Bmroda, a&j|icon dioxide |ayer 16 covers the

pol ysilicon ggyer 1%Wﬁn% Bhetgeh;lﬁp%éi%% %R %ge Qﬁﬁkon %2 as wel |l as the
left portion®df sUBEYH&CBITOCCTHE M FAHIGM R EPT €T E78A S % over s t he
i nterpolysilicon gxide.. eshlieamhdicoxidend @E@BE@@%‘&tlQEi%eié?férrs' c') layer
16 and extends down through |layer 16 through a contact holé 17 to forma
buried el ectri calamhthaveabaai tiatstcantyaot HBCat setdrel uppencsuvftaceypk t he N+
S/D region 12. The area Al includes the interconnection |ines of node

opposite to the first conductivity type, a second

reglon of the first conductivity type formed in contact

with a first end of the first region, and a third

region of the first conductivity type and formed in

contact with a second end of the first region, the
. control gate electrode and a part of the first region

being overlapped with each other over the second insu-

lating layer, the second end of the first region being

apart from the second side surface of the control gate

electrode by a distance more than a thickness of a part

of the second insulating layer covering the second side



N2 «connection, as well as, the-gate el ectrode of pass ,~, ., Oirf’db%i stor T2
fromtransistor T5. The process which produc es the devi%‘é é seen in FIG
2 includes steps of note as follows: Step 1. Conplete the conventional CMOS
SRAM process to nake the conventional substrate transistors T1 and T2.
21/ 01 /2003 _g_ Step 2. Make a buried cont act opening 17 for the buried
contact BC Step 3. Deposit the titaniumnitride or refractory netal
silicide to forma buried contact to connect |ayer 29 to the N+ drain 12
and to formthe gatqa8kest kddecohit RASYakkaRpist,¥del 2nd Fh&Ghg 3A- 3E shows a
section of an area A2 in FIG 1 about "the TFT drive tran5|s%or T4. FIG 3A
shows a P- doped osielrilapped eicaonhieicdant relibgat et eb@rvbié h wih@rein the

I nterPolysilicon Oxide (I PO dielectric layer 16 forned thereon with a

t hi ckness of bet wesendband BOgdAregibnsbearve, FDR Aocande aaMd N giradef r act ory
metal silicide gate electrode 24 _forped thereon by a conventional nethod
with an optinmum t3i &Eﬁe"slé“bffléﬂoﬁfegb(?ﬂfﬁf?ht’éarf%ﬁg’jérofr?)%%"scf“o‘i"@lY'

t hi cknesses bet ween abouté3 %@EAE%@R%%& dp £99 ﬁ.iw&ﬁﬁgr Pol ysilicon Oxide

(PO dielectric layer 1 e layer. FIG 3A
al so shows gate ehRCtrbpfo iy a8hd29tka alkedctd PRl tad¥nBafOOIHf agiist mask 25
for patterning by etching of control gate electrode fromlayer 24 in FIG
3A. FI G 3B &hoswstiidie ape ogitpdiaiobd Rl ddAcatibed wBilchi pgtbf résamwmc29 in FIG
BAto formthe Control gate electrode 24. Next, there is formed a TFT
(silicon di ok?d&)e f&rcenBaieiad draréedsi dn yhpéfh26 covering exposed surfaces
of contr ol i 2 /2003 -1a gate el ectrode 24 do to_the_nge exposed-
surface of |PO di{e e'c'?r F}go Safélr eigcgﬁfﬁaﬁafcﬁﬁ%ab% \glea%g?r%%ea %ﬁ%lss

ngapsul at edtbye diedtaet Rhgddripetkal Mdmdiye (RRM) of the gate oxide layer 26
and | PO | ayer 16, The gate oxide |layer 24 has a substantially uniform

t hi ckness. FI G 3GBhodsshtres @r pduttabfsdeitGon8B. vildhve ojakesexidendugyer 24 has

a substantially uniformthickness after deposition
tor embodiment of the SRAM device of FIG. 1 focussing upon

an area Al in FIG. 1 marked By dotted lines.
FIGS. 3A-3E shows a section of an area A2 in FIG. 1
about the TFT drive transistor T4.

DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 1 shows an electrical schematic diagram of a CMOS
type Static Random Access Memory (SRAM). 1In FIG, 1, N-chan-

nel MOS pass transistors T1 and T2 and P-channel MOS drive

S

transistors T3 and T4 form a CMOS flip-flop circuilt in which
the transistors T3 and Tl have control gate electrodes
electrically connected to node N1 to form a first CMOS
inverter and the transistors T4 and T2 have control gate
electrodes electrically cconnected to node N2 forming a

second CMOS inverter. Nodes Nl and N2 of the first and



of sundoped polysilicon thin film28 for a TFT active channel over gate
dielectric layer 26 with a thickness of between about 308,/ygmdoabout 800
A. Next a Vt inplant adjustnment with a P-type or N-type adjustnment of the
polysilicon thin film28 with dopant ions 32 in a dose of boron or
phosphorous from about 1016 atons/cnB8 to about 101" atons/cnB. Values of Wt
(Volts) Normal VWVt about -3.0Vto -5-O0VAN+ polysilicon) Alternative 1 VWt
about -2.0V to -4.0V (P+ polysilicon) Alternative 2 Vt about -2.5V to -9.5V
(TiNor Refr I al .S iiclk.d F p of 3C
after for rrat}?%lnoq‘cc)%/ Cgﬁ%t Jérrlgs%ts?t%rrg%?( é3c§11ce)\{?elara§t %Bdeltpggfrégg&&%tt cl)ig%%it ect the
channel regipm a¥d bnéaafysdﬂa @OPalfidt N-kinrSef ramndept Ngat tthrap+ dopant
33'.In FIG 3D, the dopant 33" Is being ion inplanted into TFT S/ D regi ons
30 and 34 ofsijioxs MscendtTd makiihgn @8 iw chnboosbryBEl edlopaadddsons 32 in a
dose of from about 1019 atons/cnB to about 10'atoms/cnB to formthe

sour ce/ dr ai n"°?EFiBed3by 3 vrdt Adng P FeFPeetheeshrown in FIG 3E with the
mask 33 renoved. urce.region 30. rai.n.regi ver | t eft and
ri ght ends of gatpg’qgféctl?%get géﬁggtern R H”(% @%T;a%’ﬂd9§%fca?]ﬂdsmg§%e

el ectrode 24n gyt endsiuReyongrdihe nedfAgafest. herghanngle s §91 P61 B2 dn €.

straddl es the channel region fromleft to right. r. S=-11 21/01/2003 In
FI G 3E, the TP® dinrshdectble fayer 316V hefAMa appubitatidral | gFosiwidrilmnbhi ckness
beneath gate el ectrode 24, source region 30, drain region 34 and gate oxide
| ayer 26. | nPadtiitabde watesotingeVEa§ar 26 LAHSred, sitysPanysEtiSPiuni for m

t hi ckness. Agditional trivial, processing includes application of a TFT
pattern mask ?%HﬂE%fPEPﬁ?ﬁﬁ‘?H%cghin fil'm 28 and etching thereof to form
Ito@ pattern of thg, taea@ﬂéﬁ,ortyﬁ%éhwi lcg;\eﬁygmei@ﬂ,d WHiERS1s SUEy as BPSG

anari zation, contact opening and netall'i zation (single or double |evel

dependi ng upoonvért id@ailgn) tentbrd ohet cordonyll gheetdi=qurodessaddr amess Fl ow ~

A process flow sequence for the subject invention is as follows: 1. Follow
t he standar d®SREMIpIGE8%F | W CRPBAHHPNFSEAIEP- B WUHRFERIMTST n regions |2

for an FET, and fﬂ'[ %tciogaaz%e Q:i&éfrﬁhi?pilmnltiigﬂnt}kgxgbrnttc'{)? [ch F1,"P

control gates for the original evices wth the source/draln regions 12

in the substeatecddlie 2f BRPOSHT 18 bBhSSRA YIhkibeod Oxiddeebayer 16 in FTGS.
2 and 3A. 3. Forma buried contact opening 17 in FIG 2. 4. L~eposit~ a the

Ti O/ ReLr act beYysusltisdongi b5, zimptegand s¢kgaied24rportiqgrioupi eentidtract BC in
opening |7 i?nng% é%tanium nitride (TiN) and a refractory metal
silicide selected from the group consisting of tungsten,
titanium, molybdenum, and tantalum. These refractory metal
silicides have Fermi levels near the intrinsic level.
The use of titanium nitride or a refractory metal
silicide for the control gate electrode lowers the Vt of the
control gate electrode of the P-channel TFT devices, since

the flat band of titanium nitride and the refractory metal

Silicides is near midgap.



‘*and» F1G 3A. a. E'oma phol.oresisL rnasl: ?.S and patterri by etchinc3 of
control gate el.ectr_ode fromlayer 24 in FIG 3A. 6. Fornyen/PBO3(silicon
di oxi de) gate oxide, dielectric Layer 26 covering exposed surfaces oL
control gate electrode 24 in FI1G 3B. r 21/01/2003 - 12 _ 7. Deposit a
polysilicon thin film28 for TFT active_channel over gate dielectric |ayer
26 in FIG 3C which is undoped. 8. Wt i ﬁ'pTant adjustnment with P-type or
N-type bo ron/ phosphorus dopant with dopant ions 32 in a dose of from about

about 101 6 atonsfeaB 4 osafiRUE BRdciAl QRELCHER L Y1ekObM d Fdern3cbniggi ons by
ion inplantation. Forma TFT polysilicon nmask for patterning the

pol ysi | i con tdyd rembblnimas: arfd tatCHRAND deetow eofimisnt edfpouddionsupbnthin film
28. 10. Standard back end flow through second netal. Wile this invention
has been des®t¥idFed Ph ierfhé-of haekethdvedsperd flii®eeénbodi ment (s), those
skilled in the art will recognizeg that theg invention can be practiced with
modi fica tions withPRVETR ’s%iqlgi't ga‘cffl]‘”"sscSpg o1°R%e ségﬂ)‘éﬁ’aestf"bilcgpﬁﬁ? i.e.

that changest&@%uggtgﬁe'@_ 10 QR R debal Le?;m'ﬁ hQutodRpardrRg hrom the
spirit and scope of the invention, Accordingly all such changes come wthin

t he purvi ewwifti epeesagiiddmyentten wand toevémmienkilogaeaci@asses t he
subject matter of the clains which foll ow.
layer 13 with an N+ 5/D region 12 logated at the junction
between the source of drive transistor T3 and the drain of
pass transistor Tl. Above the FOX region and tc the right
() thereof is a polysilicon layer 1l4. A silicon dioxide layer
16 covers the polysilicon layer 14 and the left portion of
the region 12 as well as the left portion of substrate 10.
The titanium nitride layer 24 covers the interbolysilicon
oxide, (silicon dioxide, interconductor dielectric) layer 16
and extends down through layer 16 through a contact hole 17
to form a buried electrical and mechanical contact BC to the
upper surface of the N+ $/D region 12,
The area Al includes the interconnection lines of node
N2 connection, as well as, the gate electrode of pass
N transistor T2 from transistor T5. The process which produc-
es the device as seen in FIG. 2 includes steps of note as
follows:
Step 1. Complete the conventional CMOS SRAM process to

make the conventional substrate transistors T1 and T2.



i 21701 /2003 -13 CLAI M5 Having thus described the invention, what is
claimed as new and desirable to be secured by Letters Pat%n}.pﬁoa fol | ows:
1. A nethod of formng a device including a thin fiIn1fieI& % c
transistor and a buried COltaCt on a doped silicon sem conductor substrate
of a first conductivity type; formng source/drain regions of a field
effect transistor in said substrate, formncd a first insulating | ayer over
sai d sem conductor substrate; formng a buried contact via opening through
said first insulating |ayer to exposg said source/drain region in said
doped silicon sem conductor substrate, formng a conductor |ayer providing
a conbi ned i£d t I .ade a i dlim £ ] ef fect
transistor§£#51§; gQ??r§?£¥ﬁE§|%§ﬁ§%5@|a_%§¥3 o%%gggﬁtég %P{ﬁﬁgg%§%.(gélected
fromthe ggeup consisting of titaniumnitride and a refractory netal
silicide over said first insulating layer, form ng a second insul ating

layer COVeét%g An DEBfQ@{t SWef acearing hifSiqeaBd J_S@fl‘i%'&@oﬂfr de8yr faces @f said

gate el ect orm ng a polycrystalline silicon Tilmon said

sem conductQreyb st Hat o OVRht8&d G of LhsteANdasecond cbnemd afd RYalAyErs
performng a threshold inplanting step doping said polysilicon filmwth
dopant of &,8$6aePd aoMRIGHIYI & YeditBBe 0PPPRisker fFArmssat drfi rst conductivity
type, form ng a mask above said gate el ectrode over a first region of said
seni conductots f isarBEpekdudy Ai Bctih bAPi@ntreRgaDfindepant1 afbosai ehd iTrst
conductivity type into said sem conductor filmaside fromsaid mask to form
a second regiwn tahnsasebsan.conductor filmof said first conductivity type
fonmed in contact with a first end of said first region, and a third region
of “sai d seRiGortducthors fd |Ibm dbpsdisd lfirestsepdndudidboict yubype and for ned _
21/01/2003 -14 in contact with a second end of said first region, said gate
el ectrode amepte parviof Wai dnferilysehiom Beidy Fer | dppettwich each ot her
over said SeCOId insulating |ayer, said first region form ng the channel

of a thin #3Yen thbahsraebrehghgor e thi at Phistkngaf P& i%%t"e?‘égﬁ'bﬁﬁtbei ng shorter
than the width of said gate el ectrode, caherein said second region and said
third regi o’ » s@fvarast d:882-4 A@daadt B drarpf sicteavd™etin filmfiel d

effect transjstor, respectively. 2. A nethod of form ng a sem conductor

devi ce accBr TGSt B2 EF & HEEOTh PR LAIa P71 CoRAUELINTLY type is a P
type and

method with an optimum thickness of about 500A with a range
of possible thicknesses between about 500 A and about
1,000 A.

InterPolysilicon Oxide (IPO) dielectric layer 16 com-

{ prises a silicon dioxide layer.

FIG. 3A also shows gate electrode layer 24 covered in
part by a photoresist mask 25 for patterning by etching of
control gate electrode from layer 24 in FIG. 3A.

FFIG. 3B shows the product of FIG. 3A after etching of
layer 24 in FIG. 3A to form the control gate electrode 24.
Next, there is formed a TFT (silicon dioxide) gate oxide,

dielectric layer 26 covering exposed surfaces of control



sai d second cond~ictivity type is an Ntype. 3. A nethod of formng a

sem conduct or device according to claiml1, in which said L?{ ﬁﬂﬂpuct|V|ty
type is a P type and said second conductivity type is an ’®5é sai d

pol ycrystalline silicon filmleas a thickness from about 300A to about 800A
and said filmis doped by said dopamd- which is selected fromthe group
consi sting of boron and said threshold inplant step provides a phosphorus
dopant with dopant ions of from about 1016 atons/an to about 101 at ons/cnB
sai d secon r re i dopant ions of
f rom about 93@1%%??% %% ‘?%ﬁla%ou%}ge %91 gn% SQJSP \%nt%%%l of formng an
SRAPM devi geeidiGlrtidi g2 Lhidy fthlafnJﬁeebslt@fefleeéradeanﬁlfst%e@;nd a buried
contact on a doped silicon sem conductor substrate of a first conductivity
type; for n’ﬁﬁ@t@@nbérﬁiiedﬁaflrm rgher b douklee/fdrmiaf thgiats okide fiel d ef fect
transi stor |n sai.d_s g (0)'¢ de l.ayer. aove ai d_substrate and a
gate electroﬁ% g&e?néal§ st?gtghF g?% >%E¥'HiV|cé%§1r 21/ 01/ 2003
-15dep03|tbﬁﬁgﬂ&htaal1gﬂdﬁﬁ@@ﬂﬂumﬁeknébgﬂ ectric layer over said FET devi ces,
formng a buried contact via opening through said interconductor dielectric
| ayer to s&F@ I ahave ddiconrodurtsaf d'idopéll: dibki ¢oe sehicdadactdr substrate,
depositing, a refrgg%g{laHthLm§bL|q£qe ate nggEéode I%%er to forma

buri ed conPact in-sail V|ayo enl q ald rain eglon and for formng a
gate el ect bﬁd&dfo@éd%tﬂtyﬁﬁﬂlédrﬂtﬁlﬁfﬂclaﬁlt2$r@1$h9iﬂf atorraichemm«af mask over
said gate | ayer and patterning said gate |ayer by etching of said gate

el ectrode PE§Rrdafe dorhncaret detPEded gate withcexgsesedl airakes, forning a
thin f"”‘&%&ﬂ?b%%QﬂeﬂﬁﬁSbQ%éQ%olﬂyer covering said exposed surfaces of
said gate electrode | ayer, depositing an undoped sem conductor polysilicon
thin filmfext & lemﬁhmmnadﬁnﬁmsmbnuabtawetahanneN oypeler sai d gate oxide
| ayer, performng a Vt inplant adjustnent of said polysilicon thin film by
|nplantlnga?ﬁéﬂéPﬁtd”ﬁéﬁén?dgﬁPéé?%ﬁt*%Bn?@ﬁ%2% 8 eRiditsti ng of boron and
phosphor us; dapant ; gal tfsdopant,  LANS: 'pﬂoépﬂﬁ%@soérow opy.@bqyts 1016at ons/ cnB
to about 101"atons/cmiand formng thin filmtransistor source/drain regions
in said pobysid/cedriot hbout i10M atemsAcsbni conduct or devi ce including a thin

filmfield effect transistor with a aHg el ectrode a doped sem conduct or
substrate of a first conéﬁ@#ﬁ@#ﬁ}~#ygglé8#prlS|ng, source/drai n regions of
a field effgegtait k;ansi stor 5@5ﬂ£d3|m]s@|dsaubstrapepogyiuﬁggnjnsulatlng

| ayer conpgiaﬂ?%6gngeb%ct&&ﬁmlayqﬁjq%V|pg“a un g %gl% HEEQ§§S from about

500A to abaqut d over sald sem conduc strate; a buried
contact vi‘d "5pBAHTHG ?hYBugﬁbgéFdelysTolﬁngatlﬁﬁ wéyéﬁefﬁﬂgﬁfﬁ

source/drain region in said doped silicon sem céfifddctoticdidsstrate, r
21/ 01/ 2003p1G. 3D shows the product of FIG. 3C after formation of

T photoresist mask 33 over the electrode 24 to protect the
channel region 32 in polysilicon thin film 28 from doping with
p+ dopant 33’ .In FIG. 3D, the dopant 33’ is being ion
implanted into TEFT S/D regions 30 and 34 of polysilicon
thin film 28 with boron B! dopant ions 32 in a dose of from
about 10'® atoms/cm® to about 10*%atoms/cm’ to form the
source/drain regions 30/34 of the TFT device as shown in FIG.
3E with the mask 33 removed.

Source region 30 and drain region 34 overlap the left and
right ends of gate electrode 24 as seen in FIGS 3D and 3E.
Thus gate electrode 24 extends beyond the ends of the channel

region 32 i.e. straddles the channel region from left to

right.



"-l16a thin filmfield effect transistor fornmed on said first insulating
| ayer, a single conductor |ayer providing both a conbi ne@lbir/i28@3 cont act
and gate electrode for said thin filmfield effect transistor including a
gate el ectrode formed on said first insulating |ayer, said conductor |ayer
bei ng conposed of a material selected fromthe group consisting of titanium .
nitride and a refractory netal silicide, 1 a gate oxide |ayer covering an

. upper surface and first and second side surfaces of said gate el ectrode,
sai d gate oxide | ayer having aisubstantially uniformthickness, a doped

- polycrystalline silicon sem conductor filmforned on said seni conduct or
substr at e;pwat. s|i dnd iTPstdiensetddtci hayelrajferhaand sghﬂdmgmlémsmiéew ayer and
sai d gat eqelc@at s Odendrani gayeaectirhiedol touirapl et opr8vi ted Bipsddpant of a
second comgluglli yi dey ot ideel Opposs ¢ dnf adbthtsen dafte sticonduct 20itdy fype, a
first, chamwlantegilgnofosaitdidoped. pol ycrystalline silicon sem conduct or
filmbeing of said second conductivity type, said first region having a
first end and a ségdhliemd taigéebnerIe§isdng ofnslaiddssepdiotiddenort f4 | m of
said first c ctivyity type forned in contact with said first end of said
first region, a t%t¥8r>r{e'§‘al}/ o E%‘f’%ersneirﬁgc%ﬁ%luté}vy rrgf‘?‘f‘n?%fa”gaieac?jr'}%t
conductivity {ydeandof esfRd N paead ACto W hD Saiid;8e6ond @end ofysald first
region, said gate el ectrode overlapping said first region and a portion of
each of sai d seoanddr egeps, authsasdsedt r plaagi Dintiand seithdd beenimgi on
formng the channel of a thin filmtransistor and the width of said first
regi on bei ng atbredall haat idre (wildghe ofr soubtlgateved| depending whenei n said

segond region.and third region serve as a source and a drain of said thin
fidmfield ef 2TtV &RSI EFOF t ESPRLE TS &N, PBOC®ffe seni conduct or devi ce

according to claim5, in which saidpyfitst, end,af said first region is apart
fromsaid first side surface of said‘g"a‘r‘e-’erllmrode by a distance nore than
a thickness of a pamproetssafibgakquexidesdrayre aovecitngnsaitd ohi Estasi de
surface of said gate electrode and is not overlapped with said gate

el ect r ode. 53} bo=2003 -17 7. A semi conductor device conprising a

sem conduct or substrate. over a first co ctivity type; a first insulating
| ayer formed on sat ‘d%s?gﬁr?‘éo‘fﬁ%&tgpagﬁ%s%% Qfoﬁe%l%iﬁﬁrof’i [RURAES H+e‘?‘?cgct
transistor f Obmegomes/akmefec_ﬁ%féu% OF o, SURSFERL & RV @6 rRdk fhf 15Sh
insulating layer; said thin filmfield transistor 1ncluding a gate

el ectrode for fitdsonpdgisdlitostldyrsult adm ngrilcay BET coimpesedgatesa faat eré al
containing titaniumnitride, a gate oxide |ayer covering an upper surface
and first and®ségbid SFdedsuttarcad thf t_aiPIgareietiderrgddens sa dnghke oxi de
| ayer having gugyp%@entlioql l'y uniformthickness, a sem conductor film forned
on sai d sem conductor substrate over said first and gate oxide insulating

| ayers and havi ng a. fiapsk . tchanmelrppegs bhiafn axséeadnd econdut inticky type
opposite to said first conductivity type, a second region of said first
conductivity ®pfpe3torned in contact with a first end of said first region,
a-third region of said first conductivity type and forned [n contact with a
second end of sai d§f ir?osrtm Feé}l‘?)%éjscgin&aaétCég’%rﬁ'ggt rrﬂgdle’n dvéri %bpi ng said first
region, said secong, reginoyerhapRiNNgePRS- &N AbisAid 193t 8. er}eﬁ:%t rode and
said third region overlapping said second end of said gate electrode , and
said first andatkirzs rieginong seriysl asnaasowlCdnangedirdy arninfrsaid thin
filmfield effect transistor, respectively.

and FIG. 3&a.

5. Form a photoresist mask 25 and pattern by etching of
control gate electrode from layer 24 in FIG. 3A.

6. Form a TFT (silicon dioxide) gate oxide, dielectric
layer 26 covering exposed surfaces of control gate electrode

24 in FIG. 3B.



8. «The sem conductor device according to claim5, in which said contro

gate el ectrode is conposed of a material selected from thé0tf2®4p consi sti ng
of titaniumnitride and a refractory netal silicide, 9. A sem conductor
device according to claimb5, in which said first conductivity type is a P
type and said second conductivity type is an N type. 10. A sem conduct or
device according to claim6, in which said t 21/01/2003 -18 11. A

sem conduct or device according to claim7, in which said first conductivity
type is a P type and said second conductivity type is an N type. 12. A

seni conduct or  dehi C&PAREDrAIBRGYESL LT hhdn F¥1W1f80r1f°§airﬁ'1'f??*s‘t"econducti vity
type is a P e .and sai d segcond conduct i vi js.an N tyvpe. 13. A

sem conduct%éé/rﬁleev]i gé’eﬁc%%?edid(r\%gerifaggﬁlr%ilirﬁyﬁf ?é %\%&?ﬁﬁ'sg?‘dw%?%ti%onducti vity
type is a Pyfypafnd said second conductivity type is an N type, said doped
pol ycrystalline silicon sem conductor filmhas a thickness from about 300A
to about 800A amgl sai dmplirm issljdepeentbwithi d-dppanrdr corgpst barg of boron and
a threshold i nplant of a phosphorus dopant with dopant ions of from

about 1016 arewtPhaephogusbdenant( vitht dvpandngonsadd Secon@sandt tfromd regi ons

are doped with Bll dopant w th dopant iqgns of from about 1019 atons/cnBto
about 10Z afBwWat/ £140 %ﬁ”§ﬁﬁgfggn?%6ﬁﬁﬂétép AV /CR3r uding a plurality

of static mendryy Celds £pf M kol Re L AUAUGHOI . AURSIIAL CpOln & F1 1 St
conductivity type, each of sal dratic menory cells conprising a flip-flop
circuit inctedimglfdinstoanthsedordpattéimieigt €ns, poIypull ittetintnat s of said
first and second inverters being connected to output termnals of said
fecond and fi+8t2§ raner EER, LG PEEEI VRTIPLedaPRTBICORRIL fE8t and second
nverters igciud'gg a first insulated gate field effect transistor of a
first channéf Ty% *and a second insulated gate field effect transistor of a
second channel type QaRASEE b4k $Aks bk HnORAZANEEcdNPGersald first
transi stor having first and second separate régions fornmed in said
substrate, a firwiilienzthiat imgedtdper hhorivwech crsarsbed aloe tefrmsacfl tSuebstrat e,

a conductive |ayer, having a threshold inplant, containing a nateri al
sel ected fr8hPY?tIRAURLAI eRPRrEl mend (8) r s 6Ky LRt al " NS ér8eviKai d

conductive |ayer bei fo d. on a.part_of t . i strate
bet caeen saF8¥$ TS egﬁltség%nl‘?%%ﬁgﬁs%anlﬁﬁ?%f%gg%%gii r%ﬁgaggg%gnd
transi stor BavhigweciHeCand spsiltatandgsc@pd & OxhdeappyeieC@RLNAY an upper
surface and first and second side surfaces of said conductive |ayer, said
gate oxi de PRaferthalvighgnaesudat &t MaRPyiunf F68Y mrehfiekhklss ¥i&hsek conduct or
| ayer fornmed on id conductive, layer .and sai strate .over said second
and first i ngﬁfiﬁ??%% qcré’ﬁ‘egg? %%Jird%sé‘%dc%%o ect‘%r %k{gylerrw ngttvj‘lorllig a third,
channel regin@BoPfiiSdld -38C 206N CONHNEET ¥bhy iMEn 8nEopitdi ediomndf said
first conductivity type adjacent to a first end of said third region and a
fifth regi owrefesti thfdmtsbncendudtd vinvgnt e eagjcapeases ctle sabjadt end of
said third r%gion, said fourth region overlying said conductive |ayer, a
part of sai 8THEFd°t ddicoFiBEFRg bVEY IF8PPBE - wi th sai d conductive |ayer, and
a part of said fifth region being overlapped caith said conductive | ayer,
said second end of said third region being apart from said second side
surface of said conductive |ayer by a distance nore than a thickness of a
part of said gate oxide |ayer covering said second side surface, wherein
said fifth region and said fourth region serve as a drain and a source of
said second transistor, respectively and said conductive |ayer serves as
gates of said first and second transistors. 15. The sem conductor device
according to claim14, in s-;liich said sem conductor | aye r- is formed of
pol ycrystalline silicon.



16. The seni conduct or device according to claim19, in ~rrhich said
conductive refractory material is forned of a nmateria) S%giﬁbﬁﬁ gorn
titaniuumtride and a refractor,, netal silicide. s~ 4 I 9 03 -20 17.
A sem conduct or device according to claim5 wherein: said polycrystalline
silicon filmhas a thickness from about 300A to about 800A and said film
was doped by a dopant consisting of boron and threshold inplant of a
phosphorus dopant with dopant of from about 1016 atons/cnB to about 101
atons/cnB , and said second and third regions were doped with B11l dopant

wi th dopant of from about 1019 atons/cnB to about 10Z atons /cnB8 . 18. A
sem conduct or device according to ctatm 5 wherein: said first insulating

| ayer has a thickness from about 500A to about 1000A, said conductor |ayer
has a thickness from about 500A torabmgt 1000A, said polycrystalline
silicon filmhas a thickness fromabout 300A to about 800A and said film
was dopedidyidg dopast geéensistiingnhef ihoeaniand anhkbreshel diienl aptnef and

phosphor ug. dppapt e Wb hi,dopaph-f hyom.abaut 2QL6nat pgBiemi | pophout 101
atons/cnB, and said second and third regions ~~rere doped wth Bll dopant

wi th dopant of from about 1019 atoms/cnB to about 10Z atons/cnB. 19. A
sem conduct or device according to claim5 wherein: said polysilicon film

125 (o EKIERR LA AL 308 4oy AIPULB008, 200 chRC] 1) kg doped by
1% ‘

sai d dopant_ consi Sting, of on_an res t phosphor us
dopant\M?%F%%%%ﬁ?nib%xy?5§%a803¥r5§§§ogfgﬁs Egp%%dﬁ¥]fﬁf' at ons/ cnB,
and sai d SRHCEAYFEPH FEGTTIARS SRt & dupdd wPRR YLy i8parteii t h dopant of
fromabout |1 Q 9atons/cnB to about 1020 a tons / cnB . 20. A sem conductor
devi ce ackUrHiNdg SPBTCTATTRIS wAStTh:0T a~tue o ofrsbosraRIsird 11 rsttd
insulatiﬁﬁﬂﬁﬁy@gehas a thickness from about 500A to about 1000A, said
conductor |ayer has a thickness from about 500A to about 1000A, said

pol ysi | i clorFiingmPhAsT &t t1SERAESRY frotnraBdaf VO SEB! abrACteg0 AV i /d
filmwas doped by said dopant which is selected fromthe group consisting
of boron &rdrigs @ PrFExhclcdtRApl Bt CPEEpBr BREVES a2 phoSighdr dasWbpdamy wi t h
dopant ofladyegmtabouexHosks sat dnsdens: Adsadbonty 1@ 'inasohs/dared anblewl d

sour ce/ drsimicoaghohsr weretdeped wi th Bll dopant with dopant of from about
1019 atonms/cnB to about 102 atoms/cnB. 21. An SRAM device including a thin
filmfielthrefihgct teoamsitstrodagad mrdnidied eorpddhednbar dopednsati cord

sem condugdter eSebstodd efcof aathinstileodductii ¥ffeott ypens corveenni smal N+ and
P+ source/drain regions of a field effect transistor in said substrate, a
gat e oxi deidsayahsovetisaildysubstmigisedand a gate ielestradedv¥ebmsSaie

subst r at egtdd @orsEET de\dces tamiun niercandacd or rdifeheed i mekayesinvaresai d
FET devi c@sr a&ahur Fedsconathtvh@ 0B, ng through said interconductor
dielectric layer to said drain region, in said doped silicon sem conduct or

subst r at egordi HgNagat o8l 86lsh0de: h@YelycfrOt6ee iMif @nauppsi efhrgantagdd in said
via opening to said drain region, patterned into a gate el ectrode with

exposed spirfAcesd detdid dildeMshF ANSS@r sgad g dectaysie canaring said
exposed surfaces of said gate el ectrode, said gate oxide | ayer having a

subst ant i gy Jdgniaf g5 Y ENIEkNeSEe AN 1WRAORE D, SEMsC@AANGE orRRkysE! i con thin
filmfor éuégtgwat@ mIransi $4 9k agld L@ cehaniglufes FBd; Quers E@kf‘oﬂ@itn%ﬁ Qxi de
| ayer, sal,q polysitlcon Lhin LLlmnaving bgen, qoped wth %ﬁ;@@”&o sglected
fromthe group consi™s I'ng 8 °bor on and pﬁos orus dopant  w t op n in a

concentrq&;%pSgtogéoggggﬁggﬁv}g%6t§géng%%%S téQh%QP%gid first conductivity

type, forming a mask above sald gate electrode over a first region of
said semiconductor film,performing ion implanting of dopant of said
first conductivity type into said semiconductor film aside from said
mask to form a second region of said semiconductor film of said

first conductivity type formed in contact with a first end of said
first region, and a third region of saild semiconductor film of said
first conductivity type and formed



“21r0f12003 -22 101' atons/cnB, and thin filmtransistor source/drain
regions in said polysilicon thin film 22. A sem conduct ory1d@vjiz¢esaccordi ng
to claim 21 wherein: said polysilicon filmhas a thickness from about 300A
to about 800A and said fil mwas doped by said dopant of boron and a

t hreshol d i npl ant of a phosphorus dopant wi th dopant of from about 1016
atons/cnB to about 101' atons/cnB, and said source/drain regions were doped
wi th Bll dopanihtaithwiddpanteobnd rom albosdsid 0L sat oasionB shadadpoidt 10z
atons/cnB. 23. A nethod of form ng a sem conductor device according to

cl ai m 21 viHrdirRdesard F st Pﬁs%ﬂ%ﬂ|fH§SFa5%%qua§eénqrﬁ%ﬂ%ﬁe@@eﬁrcnn about

500A to about, 100 nduct o e hi ckness. fr,0 al out 500A
to about 100 Aea§g|%U1q%qg%?|g%ﬂéf%¥mgﬁa£n%ﬁt Hi ¢ En%s rgﬁﬁgbodi OOA to

about 500&@1@@%%“4 nHes clopesl by satdidopant twhheistdcs sekeeted from the
group consisting of boron and said threshold inplant step provides a
phosphor usvidipart @ftdh ﬁ@ﬁén?eﬂbﬁsk&ﬂngr@M@@%ﬁuﬁhi@lﬁuaﬂﬁﬁﬁbcﬁﬁ to about

101" atonB/c aid s urce/draln re ns were d 11 dopant
W th dopart® 1bRE<sr Treabstb i0o e Anar ! P oTaBbut S 07y Sherbns.

Al R AA3. AlefAllon . A¥LvAN & AYZ0Arde Ana A3lir MNE.A&Baf Aslin A1AYE Fe AD
AT A A Ano4,

9ECRnpt9{2Uﬁkﬁa\v¢ea$na¥ua]GaFB@¢ba¥da]ca]ca]ca]ca]ca]ca]ca]ca]c“a]ca]ca]ca
] ca] ca] ca] cfa] ca] ca]ca] ca] ca]cRa]Jca]jca]c<alUcalF9< u M !
~| ww mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] cal] c

2. A method of forming a semiconductor device according to
claim 1, in which said first conductivity type is a P type and

said second conddctivity type is an N type.

3. A method of forming a semiconductor device according to
claim 1, in which said first conductivity type is a P type and
said second conductivity type is an N type, said
polycrystalline silicon film has a thickness from about 300A
to about 800A and said film is doped by said dopant which is
selected from the group consisting of boron and said threshold
implant step provides a phosphorus dopant with dopant ions of
from about 10%° atoms/cm® to about 10 atoms/cm’® said second
and third regions are doped with B dopant with dopant ions

of from about 10 atoms/cm® to about 10%° atoms/cm’.

4. A method of forming an SRAM device including a thin film
field effect transistor and a buried contact on a doped
silicon semiconductor substrate of a first conductivity type;
forming conventional N+ and p+ source/drain regions of a field
effect transispor in said substrate, a gate oxide layer over
said substrate and a gate electrode over said substrate to

form FET devices,



a] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal calca]ca]calo
p: <JLR wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ﬁﬂ @d3ca] calcalc
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a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] cal ca]
cal] ca] ca] ca] ca] ca] ca!

-0qrsQ{vql gb] X]] ca] ca] ca] ca] ca] ca]_ca] ca] ca] ca] ca] ca] cMalcalcalcalcalcalcalc
a] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca cajca] ca! OP Z [

LT$1) 1 *1 ]ie@P TR PR 00 1 EPToF PFcajee]¢afcal te]cavea) eaj¢dlfdal cal cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca]caJca]jcajcal!!l ""
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cal ca]ca]ca]cale¢ ;ca cal ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] cal ca] ca] cal ca] ca]
ca] ca] ca] EPaPEa} A 4] datractory matag) spll¢hdnee6e\VRCLEPES222 %9 t912| wr nga[ V

calyon citeci e el ateclenl amatleal el e Lol el cal £
sni d_Z] cakeabsahea)] £a] (f@]rﬁﬁl]l@ad cajteakcalealalrea] sajwalkcalealcal cal cal Ca] ca
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O Z a; effect tran51stor formation of mask over said gate layer and

2upke [elealcad o st oo onl sl selend calcalialeal ol ooal cal v
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Daabb%b( R, 5 cal ] ca] ca] c”a
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5. A semiconductor device including a thin film field effect
transistor with a gate electrode a doped semiconductor
substrate of a first conductivity type comprising;
source/drain regions of a field effect transistor formed in
said substrate, a first insulating layer comprising a
dielectric layer having a uniform thickness from about 5002
to about 1000A formed over said semiconductor substrate;

a buried contact via opening through said first insulating
layer to said source/drain region in said doped silicon

semiconductor substrate,
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a thin film field effect transistor formed on said first
insulating layer,

a single conductor layer providing both a combined buried
contact and gate electrode for said thin film field effect
transistor including a gate electrode formed on said first
insulating layer, said conductor

layer being composed of a material selected from the group
consisting of titanium nitride and a refractory metal
silicide,

. a gate oxide layer covering an upper surface and first and
second side surfaces of said gate electrode, said gate oxide
layer having a substantially uniform thickness, a doped
polycrystalline silicon semiconductor film formed on said
semiconductor substrate over said first insulating layer and
said gate oxide layer and said gate electrode having a Vt
threshold implant provided by dopant of a second conductivity
type opposite from said first conductivity type,a first,
channel region of said doped polycrystalline silicon
semiconductor film being of said second conductivity type,
said first region having a first end and a second end, a
second region of said semiconductor film of said first
conductivity type formed in contact with said first end of
sald first region, a third region of said semiconductor film
of said first conductivity type and formed in contact with
said second end of said first region, said gate electrode
overlapping said first region and a portion of each of said
second region and said third region, and

said first region forming the channel of a thin film
transistor and the width of said first region being shorter
than the width of said

gate electrode, wherein said second region and third region
serve as a source and a drain of said thin film field effect

transistor, respectively.

6. The semiconductor device according to claim 5, in which
salid first end of said first region is apart from said first

side surface of

said gate electrode by a distance more than a thickness of a
part of said gate oxide layer covering said first side surface
of said gate electrode and is not overlapped with said gate

electrode.
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7. A semiconductor device comprising a semiconductor substrate
over a first conductivity type;

a first insulating layer formed on said semiconductor
gubstrate; a thin film field effect transistor formed on said
semiconductor substrate over said first insulating layer;

said thin film field transistor including a gate electrode
formed

on said first insulating-layer composed of a material
containing titanium nitride,

a gate oxide layer covering an upper surface and first and
second side surfaces of said gate electrode, said gate oxide
layer having a substantially uniform thickness,

a semiconductor film formed on said semiconductor substrate
over said first and gate oxide insulating layers and having a
first, channel region of a second conductivity type opposite
to said

first conductivity type,

a second region of said first conductivity type formed in

contact with a first end of said first region,

a third region of said first conductivity type and formed in
contact with a second end of said first region,

said gate electrode overlapping said first region,

said second region overlapping one end of said gate electrode
and said third region overlapping said second end of said gate
electrode ,and

said first and third regions serve as a source and a drain of
said thin film field effect transistor, respectively.

8. The semiconductor device according to claim 5, in which
said control gate electrode is composed of a material selected
from the group consisting of titanium nitride and a refractory
metal silicide.

9. A semiconductor device according to claim 5, in which said
first conductivity type is a P type and said second
conductivity type is an N type.

10. A semiconductor device according to claim 6, in which said
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11. A semiconductor device according to claim 7, in which said
first conductivity type 1s a P type and said second
conductivity type is an N type.

12. A semiconductor device according to claim 8, in which said
first conductivity type is a P type and said second
conductivity type is an N type.

13. A semiconductor device according to claim 9, in which said
first conductivity type is a P type and said second
conductivity type is an N type, said doped polycrystalline
silicon semiconductor film has a thickness from about 300A to
about 800A and said film is doped by said dopant consisting of
boron and a threshold implant of a phosphorus dopant with
dopant ions of from aboutl0'® atoms/cm® to about 107 atoms/cm?,
said second and third regions are doped with B'! dopant with
dopant ions of from about 10° atoms/cm®to about 10%° atoms /cm®

14, An SRAM semiconductor device including a plurality of
static memory cells formed in a semiconductor substrate of

a first conductivity type, each of said static memory cells
comprising a flip-flop circuit including first and second
inverters, input terminals of said first and second inverters
being connected to output terminals of said second and first
inverters, respectively, each of said first and second
inverters including a first insulated gate field effect
transistor of a first channel type and a second insulated gate
field effect transistor of a second channel type opposite to
said first channel type,

said first transistor having first and second separate regions
formed in said substrate, a first insulating layer formed on a
surface of said substrate, a conductive layer, having a
threshold implant, containing a material selected from
titanium nitride and a refractory metal silicide, said
conductive layer being formed on a part of the surface of said
substrate between said first and second regions,
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oxide layer Covering an upper surface and first and second

side surfaces of said conductive layer,

said gate oxide layer having a substantially uniform
thickness, a semiconductor layer formed on said conductive
layer and said substrate over said second and first

insulating layvers,

said semiconductor layer having a third, channel region of
said second conductivity type, a fourth region of said
first conductivity type adjacent to a first end of said
third region and a fifth region of said first conductivity
type adjacent to a second end of said third region, said
fourth region overlying said conductive layer, a part of
said third region being overlapped with said conductive
layer, and a part of said fifth region being overlapped
with said conductive layer,

said second end of said third region being apart from said
second side surface of said conductive layer by a distance
more than a thickness of a part of said gate oxide layer
covering said second side surface, wherein said fifth
region and said fourth region serve as a drain and a source
of said second transistor, respectively and said conductive

layer serves as gates of said first and second transistors.

15. The semiconductor device according to claim 14, in
which said semiconductor layer is formed of polycrystalline

silicon.

16, The semiconductior device according to claim 14, in
which said conductive refractory material is formed of a
material selected from titanium nitride and a refractory

metal silicide.
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doped by a dopant consisting of boron and a threshold implant

of a phosphorus dopant with dopant of from about 10!® atoms/cm’

to about 10" atoms/cm®, and said second and third regions were

doped with B! dopant with dopant of from about 10'° atoms/cm®

to about 10%° atoms/cm?.

19. A semiconductor device according to claim 5 wherein:
said polysilicon film has a thickness from about 300A to
about 800A and said film is doped by said dopant consisting
of boron and a threshold implant of a phosphorus dopant
with dopant of from about 10® atoms/cm® to about 10V
atoms/cm®, and said source/drain regions were doped with B*?
dopant with dopant of from about 10'° atoms/cm® to about 10%°
atoms/cm’.

20. A semiconductor device according to claim 5 wherein:
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- said via opening to said drain region, patterned into a gate
electrode with exposed surfaces,

a thin film transistor gate oxide layer covering said exposed
surfaces of said gate electrode,said gate oxide layer having a
substantially uniform thickness,

an undoped semiconductor polysilicon thin film for a thin film
transistor active channel formed over said gate oxide layer,
said polysilicon thin film having been doped with a dopant
selected from the group consisting of boron and phosphorus
dopant with dopant in a concentration of from about 10%¢

atoms/cm® to about
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10'" atoms/cm®, and thin film transistor source/drain regions
in said polysilicon thin film.

22. A semiconductor device according to claim 21 wherein:
said polysilicon film has a thickness from about 300A to
about 800A and said film was doped by said dopant of boron
and a threshold implant of a phosphorus dopant with dopmant of
from about 10* atoms/cm® to about 10" atoms/cm?,

and said source/drain regions were doped with B! dopant with
dopant of from about 10 atoms/cm® to about 10%° atoms/cm®.

23. A method of forming a semiconductor device according to
claim 21 wherein:

said first insulating layer has a thickness from about 500A
to about 1000A, saild conductor layer has a thickness from
about 500A to about 10002, said polysilicon film has a

thickness from about 300A to about 500A and said film is doped
by sald dopant which is selected from the group consisting of
boron and said threshold implant step provides a phosphorus
dopant with dopant ions of from about 10'® atoms/cm’ to about
10'" atoms/cm?,

— and said source/drain regions were doped with B!* dopant with
dopant ions of from about 10 atoms/cm® to about 10%° atoms/cm®.



