
·~ . .. 
-~ . 

200002988 4 
s I ~ cJ).o<9o 

A NOVEL METHOD OF FORMING CONTACT TO POLYSILICON GATE FOR MOS 

DEVICES. 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The invention relates to the fabrication of integrated 

circuit devices, and more particularly, to a method of forming 

contacts to a polysilicon gate structure for·Mos devices. 

(2) Description of the -Prior Art 

The semiconductor industry continuous to place heavy 

emphasis on gaining device improveme~ts by stressing reductions·· 

device feature dimensions. The reduction in device dimensions in 

general leads to device· performance improvements even though the 

efforts to continue to reduce device features frequently poses 

unique technical challenges. 

The trend toward continued miniaturization of semiconductor 

devices has led from the.field for Very Large-Scale Integrated 

.. (VLSI) devices to the field of Ultra Large-Scale Integrated 

(ULSI) devices. For·ULSI devices the target device feat~re size 

is now in the micron and sub-micron range -where there is 

development work taking place relating to deep sub-micron sizes 
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-. that reach below 0.5 uni.. The attainment of the sharp reduction 

in device feature· ·sizes has mainly been accomplished .with 

gradual but significant advances in support~~g technologies such 

as pnotolithography and improved etching techniques such as 

··Reactive Ion Etching (RIE). These developments have been taking 

place concurrent with improvements in photo-imaging techniques 

and advancements. in exposure methods and the wavelengths o·f · the 

exposure sources that now reach into.the Deep Ultra Violet 

range. Special techniques such as the. appiicat:Lon of special 

layers of material-further improve focusing depth and sharpness 

of focus in: creating images in for instance layers of· 

. ·photoresist that are applied to create interconnect iines, vias, 

contact openings and the like. These techniques are equally 

applied in the formation of:for instance Complementary Metal 

. . . . 

Oxide Semicondµctor. _(CMOS) devices. 

Further reductions in device dimensions have been made 

possible by.the development.of. more sensitive photoresist 

materials as well as the rapid development of anisotropic dry 

. . 

· etching procedures~ These latter two developments· have .. allowed 

for the successful transfer of mask images to underl.ying I.ayers 

and the successful etching of these layers with very small 

dimensions of feature size or feature separation. Further major 

contributors to the downsizing of semiconductor .devices· have 
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been the development of Low Pressure Chemical Vapor Deposition 

(LPCVD) and the development of ion implantation that allows ·for 

very fine feature size. 

Concurrent with the improvements in the-method to fabricate 

semiconductor devices must come improvements in interconnecting 

these devices. These methods of interconnecting frequently 

involve interconnecting overlying layers of metal where openings 

with sizes down to 0.25 and 0.50 micrometers· are used. Via:s that 

have such small dimensions.offer their own reliability 

challenges where the materials that are selec.ted to creat~ the 

via and the connected metal .lines are of great concern. While 

aluminum has mostly been used for interconnecting metal lines, 

this material poses problems of electromigration and problems of 

penetration. Alternate methods and materials for metal ·line 

formation together with materials that are.usedfor plug fill 

are being investigated. 

The technique of_creating complementary n-channel and p-

channel devices has long- ·been known arid·. applied in the 

.semiconductor industry. The salient advantage of these devices 

is_ their low power .usage duet() the fact that two transistors 

are paired as complementary n-ehannel_ and: p-channel trans_istors 

whereby in either logic state (on/off) of the device, one of the 
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two transistors is off· and negligible current is carried through 

this transistor. The logic elements of Complementary Metal Oxide 

(CMOS) devices drain significant amounts of current only at the 

time that these devices switch from one state to another state . 

. · :Between these !:ransi tions the·.· devices. draw very little current 

resulting in low power dissipation for the CMOS device. 

Referring now specifically to Figs~ la through le, there is 

shown a cross section of a typical gate ~iectrode of a CMOS 

device and its surrounding area. The gate· electrode is 

constructed on the surface of a monocrystalline silicon 

preferably having a. crystal .orientation of. ( 100 >, th"e background 

substrate dopant is of first conductivity type and preferably p-

type, preferably with boron impurity with a co~centration in the 

range of about 5El5 and 5El 7 atoms/cm3
• 

Fig. la shows a cross section of the gate electrode 14 of a 

NMOS device on the surface of a silicon substrate 10. A layer of 

gate oxide 12 has been created over the surface of substrate 10, 

via thermal oxidation at a temperature between about 850 and.· 950 

degrees c. to a. thickness of between abo.ut 70 and 850 Angstrom. 

A layer 14 of polysiiicon is depositedusingLPCVD at a 

temperature between about 550 and 700 degrees c., to a thickness 

between about 2000 and 4000 Angstrom~ The layer 14 of . . . . 
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polysilicon is provided with the required conductivity by an ion 

implant procedure, using phosphorous as a source at an energy 

between about 50 and 100 KeV with a does between about.1E13 and 

5E15 atoms/cm2
• ~tandard methods-of patterning and RIE etching 

are applied ·using SF6 as an etchant to form the· gate electrode 

14. 

P-type implant 16 forms deep doped regions 17 (the source 

region) and 18 (the drain region) in the surface of the 

substrate 10, these regions are (due to the masking effect.of 

the poly layer 14) self-aligned with the gate electrode 14. 

Dopant concentrations in regions 17 and 18 are higher than the 

dopant concentrations in the surrounding substrate 10 •. · 

Fig. lb shows the light_~Y doped {LDD) regions 20 and 21 are 

formed by performing for instance an N-tyPe. implant 22 into 

substrate 10. This N-type implant.has a s:hailower junction depth 

and a higher dopant concentration than the previou·sly implanted 

regions. _17 and 18 (Fig .. la) • As exampl.es of LDD implants can be 
.. 

. mentioned an NMOS implant using arsenic with an energy within 

. th·e range o.f between· 1 to 10 keV and ·a dose within the range C>f .. 

between lel4 to lel6.atoms/em2
• Further can be mentioned an PMOS 

implant using BF2 with ail energy within the range of between 1 
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. to 10 keV and- a dose within the range of be.tween le14 to SeiS 

atoms/cm.2 • 

Fig. le shows the formation of gate spacers 26 on the sides 

of the gate electrode 14 ~ This· is perf.ormed using another LPCVD 

process, using_tetraethylorthosilicate as a source, to deposit a 

silicon layer 26 ata· temperature between about SOO·and '700 

degrees c. to a thickness between about· 2000 and: 4000 Angstrom. 

Anisotropic selective RIE processing using CH4 and H2 as etchants. 

is used to create the · silicon ·oxide sidewa·11 spacers 2 6. By 

performing implarit 28 the_ heavily doped regions 24 and 25 are 

created in the substrate 10~ Silicide layers are created over 

the surface of th~_source/drain regions 24 and 25• (not shoW11) 

and on the top surface 30 o.f the gat,e electrode 14 •. These 

silfcide layers are, as_previously indicated,. used to 

.. interconnect.the gate electrode~ and to connect the gate 

electrode to surrounding .·circuitry. 

Silicides are often used to reduce .contact resistance. For 

very small modern silicon devices, which.are sub:..micron,; sub-

half-micron, and-.even sub-quarter-micron, conventional 

photolithog·raphic technique for patterning contacts wilf not 

meet the required tolerance of critical· dimensions. The method 

of self-aligned silicide (salicide) formation, which self-
.···.,' 
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-· 
registers with the contacts at the top of the polysilicon gate, 

the source and the drain, helps solve the problem of critical 

dimension tolerance. Salicides have thus become almost universal 

in today's high-density MOSFET (Metal- Oxide-Semiconductor 

Field-Effect Transistors) devices even though the gate metal is 

now prevalently replaced by the polysiiicon. gate. Metal silicide 

can be tungsten silicide deposited using LPCVD, at a temp. 

between 400 and 600 degrees c .. to a thickness between 1000 and 

2000 Angstrom and can be titanium ·silicide formed by ~epositing 

PVD titanium and annealing to form thin layers of titanium 

si'licide (TiSi2) over the polysilicon gate and the source/drain 

regions in a temperature range of between 600 and 700·degrees c. 

for a time of between20 and40 seconds .and then rapid· thermal 

annealing in a temperature of between about 800 and 900 degrees 

c. for a time between 20 and· 40 .seconds • 

. . 
Fig. ld shows a cross section of the gate electrode with 

the silicide contact regions 32 and 34 for the source and drain 

regions respectively. The doping of the source/drain .. regions is 

not shown in Fig. ld for reasons of_ clarity. Si,licide layer 30 

.on.the top surface of the gate electrode 14 is also highlighted 

in Fig. ld. 
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Fig. ·1eshows a c;:ross section of the gate electrode after 

the contact layers of silicide have been formed, a layer of 

dielectric has been deposited over the-gate electrode while a 

layer of metal has been formed on the surf ace of the layer of 

dielectric. The doping of the·. source/d.rain regions is not shown 

in Fig. le for_reasons of clarity. ShaliowTrench Isolations 

(STI) regions 38 bound the active region of the ·gate· electrode 

on the surface of the substrate 10. The gate oxiqe layer 12 is 

located under the gate poly layer 14. A ~ilicide layer 30 is 

created to ·establish electrical contact with the gate electrode, 

silicide layers 32 and ·34are created for making electrical 

contact to the source and drain regions respectively~· A layer 37 

. : . 

of dielectric has been deposited over the gate electrode and the 

surrounding STI regions 38, electrical contacts can.be . 

established between the silicide layers and, for instan(:e, .a 

layer 36 of.metal conductor,·by patterning an~ etching an 

opening through the layer 37 of dielectric and filling this . 

opening with metal. This electrical contact has not been shown 

is. Fig. le. 

To avoid damage to the gate· oxide caused by plasma etch for 

poly gate contacts, the contacts to the polysilicon gates are 

typically placed on contacting pads (la·nding pads). that .are 
.. 

located outside the active area of .the MOS device. This 
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placement requires substrate surface area and therefore reduces 

MOS device density. The invention addr.es$es ·this concern by 

providing a method where the contact pad to the polysi~icon gate 

can be placed inside the active area and therefore increases the 

packaging density of MOS devices. 

SUMMARY OF THE INVENTION 

A principle objective of the invention is to provide a 

contact structure that allows for the contact to be placed 

inside the active area of the device while not causing plasma 

etch damage. 

Another objective of the invention is to provide a method 

of creating contact pads for:active devices such that no space 

is used outside the active areas of the devices. 

Yet another objective of the invention is to provide a 

method for forming MOS device contact pads that do n9t infringe 

on device density. 

In accordance .with the ob.j ecti ves of the invention a new 

method· is provided for the creation of contact pads to the poly 

gate of MOS devices. The invention contains two embodiments; the .. 
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initial processing steps under the two emb~_diments are 

identical. STI regions are formed in the surface of a substrate; 

a layer of gate oxide' :is . deposited on the surf ace ·o·f the 

substrate over which a layer of poly is deposited over which a 

.·layer of SiN is deposited. The poly gate is patterned and etched 

leaving a layel'. .of S1N on _the sU:rface of the gate. An oxide 

liner is deposited over the surface of the gate •. Loo· implant is 

performed, the gate spacers are create.d after wh;i.ch the 

source/drain region implants are performed. A layer of titanium 

is deposited over the surface. ·of the gate· and the surrounding 

surf ace of the substrate and annealed, a salicide etchback is 

. performed to the layer of ·titanium creating silicided surfaces· 

over the source a~d drain regions. A layer of inter level 

dielectric (ILD) is deposited over the gate including the 

surface of the surround.i11g substrate, the layer of ILD is 

· ·poiished down to_the.SiN "layer on the.top sur~ace of.the gate. 

The layer of SiN is removed from the· top surface of the gate 

creating a recessed gate .structure. At this point in the 

processing sequence, the processes of the invention diverge.into 

a first and a secorid embodiment of the invention •. 

. Under the first embodiment of the invention, a three level 

layer of successively-titanium followed ·by amorphous silicon 

followed by titanium (Ti/Si/Ti) is deposited .over the layer of 
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ILD thereby including and filling.· the recess on· top of the gate 

·with Ti/Si/Ti. This three level layer is patterned and etched 

forming a Ti/Si/Ti stack that partially overlays the layer of 

ILD while also penetrating th~ recessed opening of the gate 

electrode. This three· level layer· is silicided and forms the 

contact pad to the gate structure. 

Under the .second embodiment of the invention:, a layer of 

tungsten silicon (WSix) is deposited over the layer of ILD 

thereby including and filling.the recess·on top of _the gate with. 

WSix. This layer is patterned ~nd etched forming a layer of WSix 

over the layer of ILD that aiso penetrates the ·.recessed opening 

of the gate electrode. This -layer of WSix forms the contact pad 

to the gate structure. 

BRIEF DESCRIPTION OF THE D_RAWINGS 

Fig. 1 shows a Prior.Art formation of a poly~ilicon gate 

electrode, as follows: 

Fig •. la shows a c:ross section of a substrate over which a 

layer of gate oxide has been grown and a poly gate structure has 

been created, initial source/drain.· regions have been implanted 

11 
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Fig •. lb shows a cross section of the gate electrode with · 

the LOO implant 

Fig. le shows a cross section of the gate electrode with 

the final iinplant for the source/drain. regions 

Fig. ld shows a cross·section of the.gate electrode with 

silicided source/drain regions and gate.contact 

Fig. le shows a cross section of the gate electrode with a 

layer of dielectric deposited over which a layer of metal has 

been deposited 

Fig. 2 shows a cross .·section of a semiconductor surface 

into.which Shallow Trench Isolation regions have.been formed. 

Fig: 3 shows a cros·s section of the semiconductor surf ace 

after a layer of oxide, a· layer of polysilicon and a layer of 

SiN have been deposited over the surface of the substrate. 

Fig. 4. shows a cross section of the semiconductor surface 

after the gate electrode structure· of poly /SiN has been etched, ,. 
. . 

after an oxide lin~r has been created and after LDD implant~ 
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· Fig. 5 shows a cross section . of the. semiconductor surf ace 

after o~ide spacers have been formed and after· source/drain 

implant has been completed. 

Fig. 6 shows a cross section of. ·the semiconductor surf ace 

after a layer o.f titanium has been deposited and first annealed. 

Fig. 7 shows a cross section . of the semiconductor surf ace 

after the layer of titanium lias been .etched back and second. 

-annealed. 

Fig. 8 shows a cross· section of a semiconductor surface 

after. a layer of Inter Level Dielectric has been deposited and 

polished. 

Fig. 9 shows a cross section of the· semiconductor surface 

after the SiN has been removed ·from the top of· the gate 

electrode. 

Fig. 10 shows· a cross section of the semiconductor surface 

of the ·.first embodiment of the invention after a stack of layers 

of Ti/Si/Ti has been deposited.and masked. 
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.. 
Fig •. 11 shows a cross section of the semiconductor surface 

of the first embodiment of the invention after the layers ··of 

Ti/Si/Ti have been etched. 

Fig. 12 shows a cross section of the semiconductor surface 

of the first · embodiment of the invention after the layers of 

Ti/Si/Ti have been silicided. 

Fig. 1°3 .shows a cross section of the semiconduqtor surface 

of the second eiiibodiment of the invention· after a· layer of WSix 

has been deposited and masked. 

Fig. 14. shows_a cross section of the semiconductor surface 

of the second embodiment of the invention after the layer of 

WSix ·has been etched. 

Fig •. 15 shows a top .view of the semiconductor surface after 

the gate contact of the .inyention has been formed. 
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• 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring. now specifically to Fig. 2, there is shown a 

cross·section of a semiconductor surface 40 into which Shallow 

·Trench Isolation regions 42 have been. formed. The semiconductor 

surface 40 is typical!~ the surface of a single crystalline 

silicon substrate with a crystal orientation of ·<100>. The 

ShallowTrench Isolation (STI) regions 42 are tyPically used in 

crea.ting MOSFET devices to reduce or eli~nate leakage currents 

between or around.the periphery of these devices. 

STI can be made using a variety of methods. For· instance, 

one method is the_Buried Oxide (BOX) .isolation used for shallow 

· trenches. The method involves: fillin_g the trenches with a 

chemical vapor depo_sition {CVD) silicon oxide (~i02) and -then 

etched back or mech~nically or chemically polished to yield a 

·planar . s~rface. The shallow trenches etched. for the BOX process 

are anisotropically plasma etched into the silic;,n substrate and 

are typically between 0.2. and 0.5 micrometer {um.) deep. STI are 

formed around the -active·device to a.depth between 2000 and 5000 

Angstrom •. ·. 

Another approach in forming STI is to deposit silicon 

nitride on thermally_grown oxide. After deposition of the 
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~itride, a shallow. trench is etched into the substrate using· a 

mask. A layer of oxide is then deposited into the ·trench so that 

the trench forms an area of insulate dielectric which acts to . 

isolate the devices in a chip and thus reduce the cross talk 

·between active devices. The excess depositedoxide must be 

polished off and the trench planarized to prepare for the riext 

level of metalization. The silicon nitride serves as a stopping 

layer for the CMP·polishing. 

Fig. 3 shows a cross section of the substrate 40 after a 

layer 44 of gate oxide, a layer 46 of polysilicon and· a· layer 48 
. . . 

of SiN have been deposited over the surface of substrate 40. The· 

layer 44 of gate oxide is a thin thermal oxide, which allows 

better adhesion between the·overlying layers (for instance 

polysilicon) and the (under~ying) silicon and acts as a stress 

· relaxation layer. Ga.te oxide can be formed by thermal oxidation 

of the u:nderlying silicon·and can also be formed in conjunction 

with a· deposited oxide layer, nitride layer or any other 

material suitable for use as a gate dielectric. Gate.oxide is 

usually formed as a· silicon.dioxide material but may be·a 

composite oxide,.such as TEOS and silicon dioxide, or a nitride 

·oxide layer or a like gate dielectric. 
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A gate oxide layer can for instance be grown in an 

oxidation steam ambient at a temperature between about 850 and 
. . . 

1000 degrees c. to a thickness between about 30 and 250 

Angstrom. 

The layer.46 of. polysilicon can be grown at a temperature 

between 600 and 640 degrees c. using LPCVD to a thickness of 

between about 2000 and 4000 Angstrom •. 

The layer 48.of silicon nitride (Si3Ni4) can be deposited 

using LPCVD or PECVD procedures at.· a pressure betwe·en. about 200 

mTorr and 400 mTorr, at a temperature .between about ·600 and· 800 

degrees c., to a thickness of between about lSOO·and 3000 

Angstrom using NH3 and SiH4 or SiCl2H2. The. silicon nitride layer 

4 8 can also be deposited using LPCVD or PECVD procedures· using a · 

reactant gas mixture such as dichlorosilane {SiCl.2H2) .and ammonia 

(NH3) • 

Fig. 4 shows a cross section of the substrate 40 ~fter the 

poly gate 46/48 of· poly/SiN has been etehed, after an oxide 

liner 50 _has·been created and after too implant 52 has been. 

performed •. The etching of the poly gate structure uses 

conventional photolithographic arid RIE processing and an SF6 

chemistry. Ariother LPCVD process, using tetraet~ylorthosilicate 
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.as a source, is used to deposit the silicon ·oxide layer 50 at a 

temperature between about 500 and 700 degrees C to a thickness 

between about 50 and 200 Angstrom. 

The LDD implant 52 forms the lightly doped regions 54· (for 

the source) and 56 (for the drain) of the MOS devices. The LDD 

implant 52 can by performed using processing conditions that are 

determined by the·type of device that is being created;. For 

instance, if the device is a .NMOS device,. the implant uses 

arsenic or phosphorous with an.energy within the range of 

between 5 to 60 keV and a dose within the range of between 1E15 

to 5E15 atoms/cm2• If the device is a PMOS de'V'ice, the LDD 

implant uses.BF2 with an energy within ·the range of between.1 to 

30 keV and a dose within the. range of between 1El3 to 5E14 

atonis/cm2
• 

Fig. 5 shows a cross section of the semiconductor surface 

after S102 spacers 58 have been formed and after source/drain 
. . 

implant 60 has been completed. Spacers for gate electrodes can 

be made .using a ·variety .·of materials such as silicon· oxide, BSG, 

·PSG, oth~r materials preferably of a dielectric nature, cvo 

oxide formed from a TEOS source. The preferred material of the 

invention is silicon dioxide (S102) that is deposited over the 

surface of the layer·. 50 of oxide liner using LPCVD procedures 
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.. (for better step coverage) at a pressure between about 200 mTorr 

and 800 mTorr, at a temperature between about 600 and 800 

degrees c., to a thickness between about 1000 and ·2000 Angstrom 

using TEOS. The silicon oxide layer 50 can also be deposited 

using LPCVD procedures using·. a reactant gas mixture such as 

dichlorosilane. (SiCl2H2) and ~- The silicon oxide spacers. 58 are 

formed via anisotropic RIE of.the deposited layer of silicon 

oxide layer'· using. CHF3/CF4 or SF6-02 as· an etchant. 

The source and drain implant 60 creates the source region 

62 and the drain ·region 64 of the. gate electrode 46/48. Source 

and drain implants c;::an also be made under different processing 

conditions th.at a:c:e dependent· on the requirements for the device 

that is being created. For instance a first conductivity 

imparting dopant using."phosphorous can be_ implanted to create a 

lightly doped source and drain regions, ion implanted at an 

·energy between about 5 to. 60 KeV; . at a dose between about 1E12 

to 1E14 atoms/cm2• A second conductivity imparting dopant can be 

used to create medium doped source and drain regions,. such as 

arsenic or phosphorous, ion implanted at· an energy between about 

5 to 60 K~V,· at a dose between about iE13 to 5El4 atoms/cm2 • A 

third conductivity imparting dopant can be used to create 

heavily doped source -and drain regions, such as arsenic, ion 
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implanted at an energy-between about 5 to 60 Kev, at a dose 

between about 1E15 to 5E15 atoms/cm2
• 

Fig. 6 shows a . cross section of the substrate 40 after a 

layer 66 of titanium has. been·. deposited· and annealed. 

Ti taniUin is deposited on the exposed upper surfaces of the 

source/drain regions 62 and 64 and the :top surface. pf $iN of the 

gate regiori 48 and annealed, thereby. causin~ the titanium to 

react with the underlying silicon of the substrate source/drain 

regions . 62 and 64 to form titanium· s·alicide on these surfaces. 

The layer 66 of titanium can be deposited on the sur:Eace of the 

substrate to a thickness between about 250 to . 350 A0 at ·a 

temperature of 25 to 300 degrees C. using either rf. sputtering 

or CVD techniques. 

The first anneal that is performed to the layer 66 of 

titanium is a rapid therma,1.annealing in a temperature rarige of 

between· about ·600 and 800 degrees C. for a time between abol,lt 20 

and 40 seconds in a nitrogen ambient. 

~ig. 7 shows a cross section of the substrate . after the 

layer 66 of titanium has been etched and a second anneal has 
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ii been applied to the etched back layer of salicide that has been 

formed during the first anneal of ·Fig. 6. 

The· Iayer 66 of titanium can be remove~ with an etchback 

using a wet NH40H. and H202 solution. A CVD ti_tanium may also be 

·etched usirig .a dry CF4 and oxygen environment. 

·.· ·. 

The second anneal to transform layers 68 of titanium 

silicide (TiSi2) over the source/drain.regions from the high 

resistivity phase to the low resistivity .phas~ is a.rapid 

thermal anneal in a temperature range of between about 800 and 

900 degrees c. for a time betwe.en .20 .and 40 seconds in an N2 

·ambient. 

Fig. 8 shows a cross section of a substrate after a layer 

70 of Inter Level Dieiectric (ILD) has been deposited. 

As dielectric materiai can be.used any of the.typically 

applied dielectrics such as.silicon.dioxide. (doped ·or undoped), 

silicon·oxynitride, parylerie or polyimide, spin-on-glass, plasma 
. . 

oxide or LPCVD oxide. The material that is used for the 
. . . 

deposition· of layer 70·of ILD of ·the invention is not limited to 

the materials indicated above but can include any of the 

commonly used dielectrics in the art • 
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A typical application of a layer of ILD is depositing a 

layer of Si02.using CVD technology at a temperature of between 

about 400 and 800 degr.ees c. · The·layer 70 of ILD is deposited 

to a thickness that is adequate to cover the gate spacers 58 and 

to (slightly) extend abo.ve ~he top surface of the· gate electrode 
. . 

46/48. The layer 70 is, after it has been deposited, polished 

using CMP technology down to the surface of the layer 48 of· SiN 

that forms the top layer of the gate electrode.46/48. 

Fig. 9 shows a cross· section of the substrate after the.· 

layer 48 of SiN ·has been ·removed from the top of the gate 

electrode. The · silicon nitride layer 48 can be removed via 

anisotropic .RIE. using CHF3 · or SF6-02 as an etchant, but is 

preferably removed applying·an .isotropic wet etch· process .using 

hot phosphoric acid. The_ re~oval of the layer 48 ·of SiN ·creates 

· a recess or opening 71 in the top surface of the gate' electr.ode. 

At this point in the. processing sequence of the invention, 

the sequence branches into the first and the second embodiment . 

. of the invention. Figs •. · .10 through .12 address the first 

embodiment of" the invention while Figs. 13 and 14 address the 

secon.d embodiment of: the invention. 
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.. Referring now to Fig. 10, there is shown a cross section.of 

the substrate of the first embodiment of the inveI}.tion after a 

stack of layers of Ti/Si/Ti .has been deposited and masked. The 

three layers are deposited in the sequence that is reflected in 

Fig. 10, that is first a layer 72. of titanium ·is deposited over 
. . . 

the surface of the layer 70 of ILD thereby including the opening 

71, after this a layer 74 of amorphous silicon is deposited over 

the surface of the layer 72 of tit:.anium, after this a layer 76 

of titanium is deposited over the layer 74 of amorpho~s silicon. 

The· two layers of titanium, that is layers 72 and 76, can 

be deposited o.n the surface of the substrate to a thickness 

between aboutdepos;i.ting 300.to 600 A0 at a tem.perature of 25 to 

300 degrees C. using either rf •. ·sputtering or CVD ·techn_iques. 

The layer 7 4 of amo~:phous· ·silicon can be grown by using, 

· for instance, Si2H6 gas and N2 gas with flow rates of between 
·. 

about 60 to 100 seem and 200.to 240 seem respectively_ using 

LPCVD technology at. a temperature of between about between 480 

to.590 degr~es C. and a pressure between about 0.2 and 0.3 Torr 
. . . 

grown to a thickness of between ·about 200 and 500 Angs1:rom. 
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A layer 78 of photoresist is deposited, over the layer 76 of 

titanium and patterned and etched using standard procedures of 

photolithography and photoresist etch and ashing followed by a 

thorough rinse. The photoresist mask that ·is created in this 

manner covers the surface of layers 72/74/76 where these layers 

penetrate the re~ess 71 of the gate electrode. The area covered . 

by the photoresist extends by a measurable distance over the 
. . . . 

area that is adjacent to and as a continuation of the three 

. layers that are deposited inside the recess 71 of the_ gate. 

Fig. 11 shows a . cross section of the substra.te of the first 

embodiment of the invention after the layers 72/74/76 .of 

Ti/Si/Ti have been etched. 

The etch of the laye.rs 72/74/76 of Ti/Si/Ti can be a dry Cl 

based environment. Th.is etch can also be perf o.rmed using a d~y. 

CF4 and oxygen environment. The etch back of the layers 72/74/76 

of .Ti/Si/Ti results in Ti/Si/Ti deposition 82 over the. surface 

of the layer 70 of ILD whereby this deposition of Ti/.Si/Ti 

further makes contact · with . the surf ac~ of the . ·gate electrode 4.6. 

The cross section that is shown in Fig. 11 highlights that 

the layers of Ti/Si/Ti remain in place inside the opening 71 of 
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... the recess.of the gate electrode and in an area that extends 

from this opening. This extension of the layers away from the 

opening 71 provides a· surface·of a metal connect· to the gate 

electrode that can be used to connect to the gate electrode. 

Fig. 12 shows. a cross section of the semiconductor surface 

of the first embodiment of the invention.after the layers· 
. . 

72/74/76 of .Ti/Si/Ti have been sili.cided forming. metal· siiicide 

layer 84. Laye.r 84 of _Ti/Si/Ti can become· TiSi2 by an .anneal at 

a temperature between about 800 and 900 degrees C. for between 

30 and 60 minutes to form the layer 84 of Ti silicide to_a 

thickness between about. 1000 and 2000 Angstrom. 

Figs. 1~ and 14 addres$·the second embodiment of the 

invention where this second embodiment of the invention deviates 
. . 

from the processing s~ep~ that are ·conmon to both the first and· 

the second embodiment of the in~ention. 

Referring now to Fig. 13, there is shown a cross section of 

the substrate 4 0 o·:f · the second embodiment of the invention after 

a layer 8.6 of WSix has been deposited and masked, whereby x=2. 7 · 

before anneal and equals 2.2 -after a 750 degrees c. anneal. 
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The layer 86 of WSix can be deposited on the sux-face of the 

substrate to a thickness between about· depositing ·1000 to 2000 

Ao at a temperature of 400 to. 600 degrees C. using CVD 

techniques. 

A layer 88 of photoresist is deposited over.the layer 86 of 

WSix and.patterned and etehed using standax-d procedures of. 

photolithography and photoresist etch and ashing followed. by a 

thorough rinse. The photoresist inask that is created in this 

·· manner covers the . surface of layer 8 6 where this laye;r­

penetrates the ~ecess 71 of the gate electrode. The area Under 

the photoresist extends over a measurable distance adjacent to . 

and as a continuation of the layer 86 ·that is deposited .inside 

the recess 71 of.the gate. 

Fig. 14 shows a cross ·section of the substrate of the 

second embodiment of the invention after the layer 86 of WSixhas 

been etched. 

The etch of. the layer 86 of WSix· can. be ~ Cl2 plasma etch. 
. . . 

The etch of the layer 88. of WS,ix results in WSi~ deposition 92 

over the surface of the layer 70 of ILD that further makes 

contact with the surface of. the gate·electrode 46. 

.i 
l 
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The cross section that is shown ·in Fi:g. 14 highlights that 

the layer ·92 of WSix remains.in place.inside the opening 71 of 

the recess of the gate electrode and in an area that extends 

from this opening. This extensionof the layer 92 away from the 

-opening 7l·provides a surfac~·of a metal connect to the gate 

electrode that can be used.to connect to the .gate electrode. The 

.. layer 92 of WSix has .a thickness between about iooo ·and 2000· 

Angstrom. 

Fig. ts show·s a top view, of the contact of the· invention 

and it's surrounding area. Highlighted as 84/92 is the contact 

bar of the invention that connects to the gate electrode. The 

point of contact where the gate electrodes are connected to 

surrounding circuitry is point91; input connection 94 is the 
. . 

connection to the surrounding'circuitry~ The drain regions of 

the gate electrodes are hfghlighted as 61; the source regions of 

the gate electrodes are highlighted.as 71 and· 81. The drain 

regions 61 are connected to the output terminal 96 of the gate 

electrodes, source regions 71 are connected to ground.terminal 

97 while ·source regions 81 are connected·to supply voitage Vdd. 

. . 
. . 

The top view that is shown in Fi.g. 15 clearly demonstrates .· 

that the point of contact, that is .point 91, is contained.within 
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the active area of the· gate electrodes and.therefore allows for 

increased density of the gate electrodes structure. 

Although the invention has been described and illustrated 

with reference to specific illustrative embodiments thereof, it 
.· . . 

is riot intended that the invention be limited to those. 

illustrative embodiments. Those skilled in the· art will 

recognize that variations and modifications can be made without· 
. . . . . 

departing from the spirit of the invention. It is the+efore 

intended to include within the invention all such variations and 

modifications which fall within the scope of the appended claims 

-and equivalents thereof. 
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What· is cl.aimed is: 

1. A method of creating MOS devices with salicided gate·and 

source and drain, comprising.the steps of: 

providing a semiconductor substrate whereby a recessed gate 

electrode structure has been created on the surf ace of said 

substrate whereby said gate electrode is surrounded by a layer 

of Inter Level Dielectric (ILD); 

depositing a composite layer of a first layer of Ti foll·owed by 

a layer of amorphous Si followed by a second.layer o:e Ti over 

the surface of said substrate thereby including the: surface of 

said recessed gate electrode; 

patterning and ·etching said composite layer of Ti/Si/Ti thereby 

creating a strip of Ti/Si/Ti overlaying said layer of'ILD 

whereby said strip of Ti/Si/Ti contacts the top surface of-said 

gate electrode and extends from said gate electrode by a 

·measurable amount; and 

saliciding said layer if .Ti/Si/Ti thereby providing a low 

resistivity contact to said top surface of said gate electrode. 

2. The method of claim 1 ·wherein said creation of said recessed 

gate ele~tro.de structure comprises the steps of: 

providing a semiconductor substrate; 

·forming a pattern of active regions in.the. surface of said 

substrate; 
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thermally growing a gate base layer on the ~urface of said .• 
substrate over said active area whereby said-base gate layer 

serves as a stress relieve layer between said gate structure and 

said substrate; 

depositing a layer of g~te etectrode.material over the surface 

of said gate base :Iayer; 

depositing a layer.of gate contact material over the surface· of 

said gate electrode material; 

patterning and anisotropically ion etching said _layer of gate 

contact material and.said layer of gate electrode material and 

said.gate base layer material thereby forming·said·gate 

electrode structure that is overlaid with.said gate ·contact 

material; 

depositing a liner over the surface of said gate and. said active 

region; 

performing a self-aligned LDD implant· into t:P.~ surface-of said 

·substrate; 

depositing a layer of gate spacer material .over said layer of· 

liner; 

.forming gate spacers on the sidewalls of said gate; 

performing a self-aligned source/drain implant into the surface 

of said substrate; 

depositing a layer of .material that can be salicided over said_ 

gate and the surface of said substrate; 
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performing a rapid thermal anneal of said layer of salicidable 

material to form silicides; 

performing an etchback of said silicides thereby leaving thin 

layers of silicides over the_ surface of said source and drain 

regions; 

performing a rapid thermal anneal of said thin layers of 

silicide over the surface of said source and drain regions 
- -

thereby forming low re_sisti vi ty silicide layers over the surface 

of said source·and drain regions; 

depositing a layer of inter level dielectric over the surface of -

said substrate; 

polishing said layer of inter level dielectric down to the 

surface of said layer of gate contact material of s-aid- gate 

electrode; and -

removing said layer of gate contact material from said-gate 

thereby creating said recessed gate. 

3. The method-of claim 1 _wherein said first layer of titanium 

has a thickness between about 300 and 600 angstrom. 

-4.-The method of claim 1 wherein said-layer of amorphous silicon 

has a-thickness between about_300 and 600 angstrom. 
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5. The method of claim 1 wherein said second layer of titariium 

has a thickness between about 300 and 600 angstrom. 

6. The method of claim 1 wherein said saliciding said patterned 

layer of titanium-silicon-titanium is .performed at a temperature 

between about 800 .and 9.00 degrees C. for between 30 and 60 · 

minutes to form a layer of Ti/Si/Ti silicide to a thickness 

between about 1000 and 2000· Angstrom. 

7. A method of creating MOS devices with ·salicided gate arid 

source and drain, comprising the steps of: 

_providing a semiconductor substrate; 

forming a pattern of active regions on the surface of said 

substrate; 

growing a layer. of gate base material on the surface of. -said 

substrate in said active area whereby said gate layer of gate 
... 

·base material serves as a ·stress rel-ieve buffer between said 

gate electrode .and the underlying silicon substrate; 

depositing a layer of gate.electrode material over the surface 

of said substrate;· · 
. . 

depositing a layer of gate contact materlal over the surface of 

said gate electrode.material; 

masking and anisotropically etching said layer of gate c.ontact 

material and said layer of gate electrode material and said 
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layer of gate base material to form a gate electrode structure 

overlaid by a layer of gate contact material; 

depositing a liner over the surface of said gate electrode and. 

said active regions; .. 

performing a self-aligned LDD implant into the ·surface of ·said 

substrate; 

depositing a layer of gate spacer material over said layer of 

oxide liner; 

forming gate spacers on the sidewalls of said gate; 

performing a self-aligned source/drain implant into the surface 

of said substrate; 

depositing a layer of salicidable material over said gate and . 

the surface of said substrate; 

performing a rapid thermal . arm~.al of said layer of salicidable 

material to form reacted. and unreacted silicides; ·. . . . . 

. ·. . 

performing an etchback of said unreacted silicides thereby· · 

leaving. a thin layer of reacted silicides over the surface of 

$aid source and drain regions; 

performing a rapid thermal (lrineal of said thin layer.of high 

resist.i vi ty reacted silicide · over the surf ace of said source and 

. drain regions thereby forming low res.isti vi ty silicide layers .. 

over the surface of·said source.and.drain regions; 
•. 

depof;Jiting a layer of inter level·dielectric over the sur.face of 

said substrate; 
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polishing said layer of inter level dielectric down to the 

surface of said layer of gate electrode contact material; 

removing said layer of gate contact material from said gate 

thereby creating a recessed gate; 

· depositing a first layer of titanium followed by a layer of 

amorphous silicon .followed by a .second layer of titanium over 
. . 

the surface of .said polished layer of· inter l~vel·dielectric 

thereby including .said recess in said.gatethereby forining a 

triple layer of titanium-silicon-titanium; 

patterning said triple layer·of titanium-silicon-titanium 

whereby said patterning exposes said layer of titaniUm.~silicon­

titanium in a pat.tern that 'is the mirror· image of said layer· of 

titanium-silicon-titanium above the surface of said gate 

electrode thereby including.an extension of said layer of· 

titanium-silicon-tita·nium that is contiguous with. and extends 

from said iayer of titanium-silicon-titani'um .above the surface 

of said gate electrode; 

etching said lay~r of titanium-silicon-titani.um.inaccordarice 

with said pattern thereby leaving said layer of titanium-

silicon-titanium in place· above the surface of said gate whereby 

said etching furthermore ~eaves in place said layer of titanium-

silicon-titanium over a region that is contiguous with and 

extends from said layer of titanium-silicon-titanium in place 

above the surface of said. gate; and 
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silici.dinq said patterned layer of titanium-silicon-titanium. 

8. The method of claim 7 wherein said layer of gate contact 

·material has a thickness between· about 1500 and 3000 Angstrom. 

9 •. The method of claim 7 wherein said layer of salicidab:J_e 

material has a thickness. between about 250 and 350 Angstrom ·for 

salicide formation. 

10. The method of claim 7 .wherein said first layer of titanium 

has a thickness between about 300 and 600 angstrom. 

11. The method of claim .7 wherein· said layer.of amorphous 

silicon has a thickness between about 300 and 600 angstrom. 

·12. The method of claim 7 wherein said second layer of .titanium 

has a thickness between about 300 and 600 angstrom. 

13. The method of claim 7 wherein said amorphous silicon is 

deposited by low-pressure c~emical vapor deposition. 

14. 'The method of claim 7 wherein said amorphous silicon is 

deposited by sputtering. 
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15. The method of claim 7 wherein said siliciding said patterned 

layer of titanium-silicon-titanium is·performed at a temperature 

between about 800 and 900 degrees C. for between 30 and 60 

minutes to form a layer of Ti/Si/Ti silicide to a thickness 

·between about 1000 and 2000 ·Ailgstrom •.. 

16. A method of creating MOS devices with salicided gate and 

source and drain, comprising the steps: of"i 

providing a semiconductor substrate whereby a recessed gate 

electrode structure has beeri . created on the surface of sa_id 

substrate; 

depositing a layer of WSix over the surface.of said polished 

layer of inter level dielectric thereby including said recess in 

said gate; 

patterning said layer ·of WSix whereby said whereby said 

patterning exposes .said la:Yer of WSix in a· pc;ittern that is the 

·mirror ima9e of said layer .. of WSix above the surface of said 

gate electrode thereby including an extension of said layer of 

WSix that is C()ntiguous with and extends from said layer of WSix 

above the surface ·of said gate electrode·; and 

etching said layer of WSix thereby leaving said layer of WS.:i.x in 

place above- the surface of said gate whereby.said etching 
. . 

furthermore leaves inplace said layer of WSix over a region 

36 



\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
* C L M S * 

.that is contiguous with and extends from said layer of WSix in 

place above the surface of said gate. 

17 • .The method qf claim 16 wherein said creation of said 

·recessed gate electrode ·structure comprises the steps of: 

providing a semiconductor substrate; 
.· 

forming a pattern of active regions on the surface of said. 

substrate; 

growing.a layer of gate base.material on.the surface of said 

substrate in said .active area whereby.said layer of gate base 

material serves as a stress.relieve buffer between said gate 

electrode and the underlying silicon substrate; 

depositing ·a layer of gate electrode material over the surface· 

of said substrate; 

depositing a layer ~f gate contact material over the surface of 

·said gate electrode .material;. 

masking and anisotropicallyetching said layer of gate· contact 

material and said layer o.f ·.gate electrode material and said 

layer of gate·base material to form a gate· electrode. structure 

overlaid by a .layer· of gate.contact.material; 

.depositing a liner over the surface of said.gate electrode and 

. said active ·regions; 

performing a self-aligned LDD implant into the surf ace of said 

substrate; 
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depositing a layer of.gate spacer material over said layer of 

liner; 

·forming gate spacers on the sidewalls of said gate; 

performing a self~aligned source/drain implant into the surface 

· of said substrate; 

depositing a layer of salicidable material over said gate and 

the surface of said substrate; 

performing a rapid thermal anneal of said. layer ·.of salicidable 

material to form reacted and unreacted silicides; 

performing an etchback of said unreacted silicides thereby 

leaving a thin layer of reacted silicides over the ·surface of 

said source and drain regions; 

performing a rapid thermal anneal of said thin layer of high 

resistivity reacted silicide over the surface of said source and 

drain regions ther~by forming low resistivity silicide layers 

over the surface of. said ·source and drain regions; 

depositing a layer of inter level dielectric over the surface of 

said substrate; 

polishing said layer of inter level dielectric. down to the 

surface of said. layer of gate electrode contact material; and 

removing _said laye·r of gate contact material from said gate 

.thereby creating a recessed gat_e •. 
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18. The method of claim 16 wherein said l~yer WSix has a 

thickness between· about 1000 and 2000 anqstroin. 

19. A method of creating MOS devices with salicided gate and 

···source and drain, comprising. the steps of: 

providing a semiconductor substrate; 

forming a pattern of active. regions in the surface ·of said 

substrate; 

growing a layer of gate. base· material ·on:. the surface of said 

substrate over said active area whereby said layer of gate base 

material serves as a stress relieve layer between said gate 

structure and said s~bstrate; 

depositing a layer of gate electrode material over the surface 

of said layer of gate base material; 

depositing a layer of gate contact material over the surface of 

said layer of gate· electrode .material; 

·patterni11g and anisotropically ion etching said laye·r of gate 

contact material and said.layer of gate electrode material and 

said layer of gate base material thereby forming said gate 

electrodestructure-that is overlaid with said gate contact 

··material; 

· depo.si ting. a liner over the ·surface of said gate electrode and 

said active region; 
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performing a self ~aligned LDD implant into the surf ace of said 

substrate; 

depositing a layer .of gate spacer material over said liner; 

forming g~te spacers -on the sidewalls of said gate electrode; 

performing a self-aligned source/drain implant into the surface 

of said substrate; 

depositing a layer of material that can be salicided over said 

gate electrode and the surface of said substrate; 

performing a rapid thermal anneal of said layer of sa+icidable 

material to form reacted and unreacted silicides; 

per:f orming an etchback of said. un_reacted silicides thereby 

leaving thin layers of reacted silicides over the surface of 

. said source _and drain regions; 

performing a rapid thermal anneal of said thin layers of reacted 

silicides. over the surface of said ·source . and drain regions ·. 

thereby forming low resistivity silicide layers overthl! surface·· 

of said source and drain regions; · 

depositing a layer of inter level dielectric over the surface of 

said substrate thereby including said gate electrode; 

polishing said layer of· inter level dielectric down to the 

surface of-said layer of gate contact material of said gate 

electrode; 

removing said layer of gate contact material from said gate 

thereby creating a recessed gate; 
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depositing a layer of -WSix over the surface of said polished. 

layer of inter level dielectric thereby including said recess·· in 

said gate; 

patterning said layer of WSix whereby said patterning exposes 

· ·said layer of WSix. in a pattern that .is the m.i.rror image of said 

layer of WSix a~ove .·the surface of said gate electrode thereby 

including an extension of said layer of WSix that. is contigµous 

with and ext.ends from said layer of layer of WSix above . the 

surfacei of said gate electrode; and 

etching said· 1ayer of WSix ih accordance with said pattern 

thereby leaving· said layer of WSix in place above the· surface of 

said gate· whereby.said.etching furthermore leaves in place said 

layer of WSix over_a region·that is contiguous with and extends 

from above the surface of said gate~ 

20. The method of claim 19 wherein said layer of gate contact. · 

material .has a thickness between about 1500 and 3000 Arigstrom. 

21. The method of claim 19 wherein said layer.of salicidable 

. material has a thickness between about 250 and 350 Angstrom.. 

22. The method of claim 19 wherein said layer WSix has a 

thickness between about 1000 and 2000 angstrom. 

41 



.. 
·; 

I 

·---·-· 

I If Ill~ Oil~ H~I HI (I H If II 
.23. The method of.claim 19 wherein said performing a rapid 

thermal anneal of said layer of salicidable material is 

performed in a temperature range of between about 600 -and 800 

degrees c. for a time between about 20 and 40 seconds in N2 

ambient. 

24. The method of claim ·19 wherein said performing a rapid 

thermal anneal of said" salicidable material is performed in.a 

temperature range of between 600 and 700 degrees C. for a time 

of between 20 and 40 seconds and then rapid thermai annealing in. 

a temperature of between about 800 and 900 degrees C. for a time 

between.20 and 40 seconds. 

25. A method of forming contacts to gate electrode structures, 

comprising. the steps of: 

providing a semiconductor substrate whereby a recessed ga1:;e 

·electrode structure has been created on the surface of said. 

substrate whereby said recessed gate electrode is surrounding by 

a layer of Inter Level Dielectric (ILD); 
•" 

depositing a thin layer :of electrically conductive material over 

the surface .. of said layer of ILD thereby including the recess . of 

said gate electrode; and 

patterning and etching said layer of electrically conductive 

material thereby leaving said layer of electrica_lly conductive 
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material in place above the surface of said gate electrode 

whereby said etching furthermore leaves in . place said layer (::;£ 
. . 

electrically conductive material overlaying said layer of ILD 

over a region that. is contiguous with ·and extends ·from above the 

·surface of said gate. 

26. The method of claim 25 wherein said creation· of· said 

recessed gate electrode structure com~rises the .steps .of: · · 

providing a semiconductor substrate; 

forming a pattern of active regions in the surface·of said . . 

substrate; 

growing a gate base.layer on the surface. of said substrate over 

said active area whereby said base gate layer serves as a stress 

relieve layer between said gate structure and said substrate; 

depositing a layer of. gate electrode material over the surface 

of· ~aid gate base · lc:tyer; · · 

depositing a layer of gate.contact material over the surface of 

said gate electrode material; 

patterning and anisotropica11y ion etching said layer of gate 

contact material arid said layer of gate electrode mate.rial and 

said gate base layer mater:ial thereby forming said gate 

electrode structure that.is overlaid with said gate contact 

material; 
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_depositing a liner over the surface of said gate and said active 

region; 

performing a self-aligned LDD implant into the surface of said 

substrate; 

depositing a layer of gat~ spacer material over. said liner; 

forining gate spacers on the sidewalls of said gate; 

performing a se:lf-aligned source/drain implant into the surface 

of said substrate; 

·depositing a layer of material that can be salicided over said· 

gate and the surface of said substrate; 

performing a rapid thermal anneal of said layer of salicidable 

material to form silicides; 

performing an etchback of said"silicides thereby leaving thin 

_layers of silicides over the.surface of. said.source and drain 

regions; 

performing a.rapid thermal anneal of said thin layers of 

silicide over the surface of said source and drain regions 

therebyformi??-9 low resistivity silicide layers over the surface 

of said source and drain regions; 

depositing a layer of inter level die!"ectric over the surface of 

. said subst~a.te; 

polishing said layer.of inter level dielectric down to the 

surface of said layer of gate contact material of said gate 

electrode; and 
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~-
removing said layer of gate conta~t material from said gate 

thereby creating said recessed gate. 

27. The method of claim 25 whereby said electrically conductive 

material contains materials-that can.be salicided. 

28. The method of claim 26 with the additional step of 

saliciding .said e.lectrically. conductive material thereby forming 

silicides. · 
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