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7 BACKGROUND OF THE | NVENTI ON (1) Field of the Invention CDV@ The
i nvention relates to processes for the manufacture of sen1con ctor
deVices and nore particularly to processes for formng netal-to-silicon
cont act s. (2) Description of prior art Very | arge scale
integrated circuit technol ogy(VLSI) conprises the formation of isolated
sem conductor devices within the surface of silicon wafers and

i nterconnect i pgybhesgsdeygces with netallic wiring |ayers above the
surface. This interconnection system

A MODIFIED TUNGSTEN-PLUG CONTACT PROCESS
BACKGROUND OF THE INVENTION
(1) Field of the Invention

The invention relates to processes for the

manufacture of semiconductor devices and more particularly

to processes for forming metal-to-silicon contacts.
(2) Description of prior art

Very large scale integrated circuit
technology{VLSI) comprises the formation of isolated
semiconductor devices within the surface of silicon wafers
and interconnecting tﬁese devices with metallic wiring
lavers above the surface. This interconnection system
usually consists of two or more levels of interconnection
metallurgy, separated by insulation layers. The first layer
of metallization(sometimes called the "book metal”) is used
to define small fundamental circuits, for example, a simple
TTL gate comprised of two bi-polar transistors and two
resistors. This metallization level provides the connections

to the silicon devices themselves. A second level of metal

lines is then provided to interconnect these primary



usual l'y consists of two or nore | evels of interconnection netalluragy,
separated by insulation layers. The first layer of netallization(sonetines
cal;l ed tthe "book nmetal ") is used to define small fundamental . circuits, for
exanple, a sinple TTL gate conprised of two bi-polar transistors and two
resistors. This netallization | evel provides the connections to the
silicon devices thensel ves. A second |levgl_of netal lines is then provided
to interconnect these prlnary - 2 -
TSMC- 1- 95- 150 ﬁ g ﬁ 6nto | arger units. A final layer of netallization
is applied toreH 'iEf The hi ghest level of circuitry to pads which form
the chip's external connections. Connections between netal |evels are nade

using metal fLikeds vi amal q%rﬁlggp Bi LRSUAGE IR | Rl ofineRat'3yaatton

consists of silicon oxl hosilicate gl ass(PSG,
bor ophosphosi iscgpg) i 84 265 (Re@et ERENnL gNEst Ofevirt a4 wmcuhawatunpm set

of reqU|renents Ich define it's conposition and processing.
which form the chip's external connections. Connections
between metal levels are made using metal filled via holes
in an insulation layer, which usually consists of silicon
oxide, phosphosilicate glass(PSG), or borophosphosilicate
glass(BPSG). Each level of metallurgy has a unique set of
requirements which define it's composition and prgdessing-
The first level must provide a low resistance(éhmic) contact
to the silicoﬂ, Unlike metal-to-metal contacts, the metal-
to-semiconductor contact is highly dependent on both the
doping level and the deping type cf the silicon. Current
fechnology requires thét the doping level of the silicon be
of the order of 10% atoms/cma This level of doping provides
a sufficiently narrow depletion region and sufficient
electron concentration to achieve adequate electron
penetration of the interfacial energy barrier. The metal

chosen for this contact must have a low electron work

function as well as a low resistivity. Earlier technology
used aluminum because of it's low resistivity, good

adhesion, and ease of processing. However, as the technology

advanced, many modifications were necessary to cope with
‘problems that arose with decreasing device size and
increasing current requirements. Aluminum still remains the

basic metal of choice for integrated circuit wiring al though



The first level must provide a | ow resistance(ohmc) contact to the
silicon. Unlike netal-to-netal contacts, the netal- to-sem conductor

cont act ;i s highly dependent on both the doping |evel and the doping type
of the silicon. Current technology requires that the doping | evel of the
silicon be of the order of 10[err] atoms/cnierr]. This |evel of doping
provides a sufficiently narrow depletiog Legion and sufficient electron
concentration to achi eve adequate el ectron penetration of the interfacial
energy barrieggyhhe_ PFt chosen for this contact nust have a | ow el ectron
work function as we as a lowresistivity. Earlier technology used

al um num because of it's lowresistivity, good adhesion, and ease of

processi ng. Howeyeproper tivs hevnbeegyimpthead asy trmnadmdiiiahcafimwvere
necessary to cope with problenms that arose with decreasing device size and
i ncreasi ng cuquant1teqﬂ|aénsrﬁmnonABudbn@nngstem(kamnnutnﬂmaluméiué nmet al of
choice for integrated circuit wiring although
- 3 - TSMC 1Thesgsgame metals, their alloys, and nitrides have also
gained major importance by providing greatly improved
silicon-to-metal contacts. Not only do they improve the
electrical quality of the contact but they also act as
barriers which prevent metal penetration into the silicon.

Such penetraticn is particularly harmful to shallow diffused

devices.

Device miniaturization has brought on a number of
obstacles which particularly affect the silicon-to-metal
contacts. The sizes of the contacts have been reduced to the
sub-micron range. Attempts to adapt the deposition of
aluminum, either pure or alloyved with silicon, or other
refractory metals, by evaporation or rf sputtering have
required the use of tapered contact openings in order to
achieve good step coverage. The contact openings can be
tapered by a variety of etching techniques. Earlier methods
used flowed photoresist to provide a taper which was
replicated in the oxide contact opening by reactive-ion-
etching(RIE). Other techniques used BPSG as the insulator
which was flowed prior to metal deposition to give a large
angle taper along the entire opening. Thalapaneni

US5,238,872 describes a technique wherein a Ti-TiW-AL



it's properties have been inproved by the addition of small quantities of
silicon(Si), tungsten(W, or titaniun(Ti). These sane netals, their

al l;oys, zand nitrides have al so gained nmajor inportance by providing
greatly inmproved silicon-to-nmetal contacts. Not only do they inprove the
el ectrical quality of the contact but they also act as barriers which
prevent netal penetration into the silicon. Such penetration is
particularly harnful to shallow diffused4 devices. Devi ce

m ni aturi zat i qgMpag -bsoyght on a nunber of obstacles which particularly
affect the silicon-to-netal contacts. The sizes of the contacts have been
reduced to the sub-mcron range. Attenpts to adapt the deposition of

al umi num eitkentpateisrfatmhed cohtwi ®hBBEGI tayer orThe haperr phracobr yheret al s,
by evaporation or rf sputtering have required the use of tapered contact
openi ngs in ocgatacs openiryelgatidanedpbyorar hybt i Thel sdmardic epemiagl can
be tapered by a variety of_etching techniques, Earlier nmethods used

f1 owed phot or 8§F8ingo E%l%i%l@ ds N5ed A BROvde ¥ santdgeddvahlt ke ©36 de
contact openin %yo%e%ﬁgigg;éég¥-o etching(RIE). Oher techniques used BPSG
as the insul at pening.

Recent advances in contact and via technology have lead
to the use of tungsten for filling contact and via openings.
Tungsten has a sufficiently low resistivity and if can be
deposited at temperatures below 500°C by chemicalivapor
deposition(CVD) using the hydrogen or silane reduction of
tungsten heXafluoride(W&). The deposifion is very conformal
and results in remarkably good filling of vertical walled
contact hole openings. Thus the need for space-wasting
tapered cbntact openings is eliminated. A thin layer of
Ti/TiW deposited into the contact hole opening prior to
tungsten deposition, provides not only a better contact and

diffusion barrier to the silicon, but also greatly improves

the adhesion of the tungsten to the BPSG sidewall. Although

the tungsten layver can be patterned to providé lateral
wiring lines, the preferred method is to pattern the laver
to expose'only the studs and wire these with traditional

aluminum interconnection metallurgy. The studs are referred

to as W-plugs.



whi ch was flowed prior to netal deposition to give a |large angle taper
along the entire opening. Thal apaneni US5, 238, 872 descri bes a techni que
wherein:a Ti-Ti WAL - 4 - -
TSMC- 1- 95- 150 contact is forned into a BPSG.|ayer. The upper part of the
contact opening is widened by an initial isotropic chem cal etching. Then
RIE is used to provide a vertical wall tg the base of the contact opening.
Recent advances in contact and via technélﬁgy have lead to the use of

tungsten for 1¥§Mé_3g9§ggg@ct and via openings. Tungsten has a sufficiently
|l ow resistivity and i an be deposited at tenperatures bel ow 500[err] C by
chem cal 'vapor deposition(CVD) using the hydrogen or silane reduction of

tungsten hexaf | uor ndeeMré®t {dnai PiRcderOSbE i Bdrhny &b BN fntaktsasd a

results in remarkably good filling of vertical walled contact hole

openi ngs. Thusitlieonewdfépr 16 padestwedtel 1§ shown in Fig. 1{A-E)}.
Referring first to Fig. lA, a layer of BPSG 12 between 5,000
and 15,000 Angstroms thick is deposited onto the silicon
surface. As deposited, the surface of the BPSG laver
replicates the nen-planar ;urface of the silicon substrate.
The wafer is annealed at 800°C to 900°C causing the BPSG to
flow, thereby improving the planarity of it's sugface.
Photoresist 14 is appiied and the contact opening; are
patterned using standard photolithographic techniques.

Reactive-ion-etching(RIE) is then use to form the vertical

openings in the BPSG.

thhouqh the flowing of the BPSG provides a smooth
uppef surface, its thickness is not necessarily exactly the
same over all the contact areas of the chip. The thickness
depends upon the topology of the surrounding area. Thus when
the contact holes are subsequently opened by RIE, some over-
etching will occur at contacts where the BPSG is thinner.
Since the substrate diffusions are very shallow to begin
with, any over-etching could jeopardize them. Adéitionally.
because of device miniaturization, the area of the contact
approaches that of the silicon active area. A slight mis-
alignment of the contact mask could easily cause the contact

opening to fall off the device implant area resulting in



tapered contact openings is elimnated. A thin layer of Ti/Ti Wdeposited
into the contact hole opening prior to tungsten deposition, provides not
onl,y a hetter contact and diffusion barrier to the silicon, but also
greatly inproves the adhesion of the tungsten to the BPSG sidewal | .

Al t hough the tungsten |ayer can be patterned to provide lateral wring
lines, the preferred nethod is to pattern the layer to expose only the
studs and wire these with traditional = & gm num i nter connection met al | ur gy.

The studs are o, d _ as Wnpl ugs.
- 5 - TSI\/C—l-'%g{cﬁgog(g 15 A conventional process for form ng Wplug

contacts on a silicon wafer 10 substrate is shown in Fig. 1(A-E).
Referring firsghor®ell gundtioms! ayer of BPSG 12 between 5,000 and 15, 000
Angstrons thick is deposited onto the silicon surface. As deposited, the
surface of the BPSG | ayer replicates the non-planar surface of the silicon
substrat e.
For these reasons an implant is made through the

contact opgnings to re-enforce the active regions of the

devices. The silicon in the exposed contact areas is

implanted with the appropriate dopant to provide a

concentration of 2x10l to 2x10! dopant atoms/cm. Some

prcducts may require only one type of contact. For:rexample,

in NMOS technology the diffused contacts can be entirely of

n-type. Here, the appropriate implant may be performed

without masking. For complimentary MOS (CMOS) technology,

where both n- and p-type contacts are required, a first

implant of p-type dopant is directed at all the contacts.

Then the p-type contacts are covered with a photoresist

block-out mask and the n-contacts are implanted with a

higher dose of n-type dopant to over-compensate the previous

p-type implant. Using this procedure eliminates the need for

an additional photolithographic step to shield the n-

contacts.

Under the convéntional procedure, these contact.
implants are next activated by rapid;thermal-annealing(RTA).
This causes the BPSG to fldw at the upper edge 18 (Fig. 1B}
and severely encroach‘into the contact opening if the anneal

temperature is above - 950°C. The Ti/TiN barrier



The wafer is anneal ed at 800[err]C to 900C causing the BPSGto flow,
thereby inproving the planarity of it's surface. Photoresist 14 is applied
and the:contact openings are patterned using standard photolithographic
techni ques. Reactive-ion-etching(RIE) is then use to formthe verti cal
openings in the BPSG Al t hough the flow ng of the BPSG provides a
snooth upper surface, its thickness is.ﬁpt necessarily exactly the sane
over all the contact areas of the chip. ‘The thickness depends upon the

t opol ogy of t?gMéy%_[% p%@g area. Thus when the contact holes are
subsequent |y opene 5 , sone over- etching will occur at contacts
where the BPSGis thinner. Since the substrate diffusions are very shall ow
to begin w thetanyi lorfl2@hikRg | did Naioze difi kO

because of device mérﬁ/%tot?reizga??oél,ﬁp helgfggﬁoﬁﬂgggggkgég é'té%pé;lggeaéc c,ensdthat
of the silicoanaetl iney areperfotieghbetiiéen 80 UHHN70QPCt B8 58868612 MASK
could easily cause the contact opening to fall off the device inplant area
resulting in bond of the Ti to the silicon 30 and to the BPSG 32 (Fig.

1D). Finally a layer of CVD tungsten 40 (Fig. 1E)} is
deposited to fill the contact opening. The encroachment of
the BPSG into the contact opening causes a restriction to
the filling of the contact hole by the tuhgsten 40 leaving a
-voig 42 in the center..Depending upon the degree of the
over%ang and the size of the contact opening, thelthin
tungsten walls surrounding the void have the potential for

subsequent electrical failure.



- 6 - TSMC- 1- 95- 150 shorted junctions. For these reasons an

I npl ant is made through the contact openings to re-enforce the active

regi ons .of the devices. The silicon in the exposed contact areas is

i npl anted with the appropriate dopant to provide a concentration of
2x10[err] to 2X10[err] dopant atons/cnferr]. Some products nmay require
only one type of contact. For exanple, . in NMOS technol ogy the diffused
contacts can be entirely of n-type. HeBer the appropriate inplant may be
performed w thout masking. For conplinentary MOS(CMOS) technol ogy, where
both n- and pfﬁyﬁelt%ﬁtbﬁgs are required, a first inplant of p-type dopant
Is directed at all the contacts. Then the p-type contacts are covered with

a photoresist block-out nmask anpgd.kBe Brcfﬁﬁafﬁétﬁgfbd'”p'a”ted with a
e pr

hi gher dose of n-type dopant to over-conpensate t evi ous p-type
implant. Using this procedure elimnates the need for an additional
phot ol i t hographic step to shield the n- contacts. '

Under the modified procedure c¢f this invention, the

Ti/TiN metals are deposited prior to the contact implant
anneal. Not only does this-eliminate the need for a second
barrier metal anneal, but it also provides support and
protection of the BPSG sidewall, preventing it from rounding

off at the upper corners and encroaching into the-.contact

opéning.. Additionally, this support permits a higher
subsequent annealing temperature than does the conventional
process. This results in a lower contact resistancé of the’
metal-silicon contact as well as significantly improved
adhesion of the Ti/TiN to the BPSG. Finally, the filling of

the contact opening by the tungsten is free of voids.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1(A-E) show the steps of the conventional process

for forming the W-plug contact.

FIG. 2{A-D) show the steps of the contact forming

process téught by this invention.



Under the conventional procedure, these contact. inplants are next
activated by rapid-thernmal -anneal i ng(RTA). This causes the BPSG to fl ow at
t he upper edge 18 (Fig. 1B) and severely encroach into the contact opening
if the anneal tenperature is above 950[err]C. The Ti/Ti N barrier

- 7 - TSMC- 1-95-150 metal lization 20,22 (Fig. 1C) is then deposited and
a second annealing is perforned between 550 and 700[err]C to secure a

bond of the Ti to the silicon 30 and +09tke BPSG 32 (Fig. 1D). Finally a

| ayer of CVD e (Fig. 1E) is deposited to fill the contact
openi ng. The tﬁgeo;.ihméﬁ the BPSG into the contact opening causes a

restriction to the f||||ng of the contact hole by the tungsten 40 | eaving

a void 42 in the cent §pscRepeREN "GF URRE ﬁﬁﬁﬂ&@nembn?hﬁm@verhang and

the size of the contact opening, the thin tungsten walls surrounding the
void have the potential for subsequent electrical failure.

Referring now to Fig. 2A, a p-doped <100> oriented
monocrystalline silicon wafer 10 is provided. Using standard
processing techniques familiar to these in the integrated
circuit manufacturing ihdustry, semiconductor devices such
as self-aligned polysilicon gate field effect transistors,
are formed within the surface of the siliccon wafer. The
heavily doped source and drain implants of arseni; or
phosphorous 16 comprise the active areas of these devices to
which metallic contacts are later formed. A layer of
borophosphosilicate glass(BPSG) 12 between 5,000 and 15,000
Angstroms thick is deposited onto the silicon surface. As
deposited, the surface of the BPSG layer replicates the non-
planar surface of the silicon substrate. The wafer is.
annealed at 800° to 9%00°C causinguthe BPSG to flow., thereby
enhancing the planarity of it's surface. Photoresist 14 is
applied and the contact openings are patterned using
standard photolithographic techniques. Reactive-ion-
etching(RIE) is then used to open the contacts areas in the
BPSG layer and exbose the device diffusions on the silicen
surface. Appropriate etchants and techniques to provide high
etch-rate-ratios are well known td those practicing this
art. The taper of the walls of the resultant openihg can be

well controlled, and the etching can be cleanly terminated



- 8 - TSMC1-95-150 SUWVMARY OF THE | NVENTI ON
Under the nodified procedure of this invention, the Ti/TiN netals are
deposited prior to the contact inplant anneal. Not only does this
elimnate the need for a second barrier netal anneal, but it al so provides
support and protection of the BPSG sidewall, preventing it from rounding
of f at the upper corners and encroaching into the contact opening.
Additionally, this support pernmits a hirgH& - subsequent annealing
tenperature than d?e t he_conventional process. This results in a | ower
5857 a0

contact resistafts metal -silicon contact as well as significantly

I nproved adhesion of the Ti/TiNto the BPSG Finally, the filling of the
contact openi t S i3 free of voids. BRI EF
DESCRI PTI ON o%gT%e Dgi{l\%ﬁ;(g iR

Ions of the conductivity type corresponding to that of
the exposed silicon are next implanted at a dose of 2x10!
to 2x10Y atoms/cm! and at energies of 30 to 100 keV. For
this embodiment, phosphorous atoms are used to re-enforce
the n-type contacts.

In another embodiment comprising CMOS producé having
both n- and p-type contacts, the wafer is first given a
blanket boron implant using 2x10 to sxioM BE‘z* atoms/cmt .

Both n- and p-contacts are implanted. Next the p-contacts

are covered by a photorcsist_ block-out mask and the n-
contacts are implanted with phosphorous at a dose of 1x10!
to leo“ atoms/cn@.-This phosphorous dose excgeds the .
corresponding boron dose in order to over-compensate the

blanket implant.

Referring now to Fig. 2B, approximately 400 Angstroms
of titanium 20 and 1,100 to 1,300 Angstroms of titanium
‘nitride 22 are deposited onto the wafer after stripping the

photoresiét. These films are deposited by rf sputtering.

The wafer is then exposed to a fapid-therhal—annealinq



Fig. 1(A-E) show the steps of the conventional process for formng the

W pl ug contact. FIG 2(A-D) show the steps of the contact formng
process taught by this invention. -9
- TSMC-1-95-150 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Referring now to Fig. 2A, a p-doped <100> oriented nonocrystalline silicon
wafer 10 is provided. Using standard processing techniques famliar to
those in the integrated circuit manufacturing industry, sem conductor

devi ces such SS9l gy alggned polysilicon gate field effect transistors,
are formed within the surtace of the silicon wafer. The heavily doped
source and drain inplants of arsenic or phosphorous 16 conprise the active

areas of thesgylqw ¢@satPng temperatures from 900° to 1000°C (Fig 2C).
During this period which normally lasts for about 20
seconds, the titanium layer reacts with the silicon to form
Tisi, 30 and at the same time also forms an intimate
chemical bond with the BPSG by forming titanium silicate 32.
The\implanted dopant atoms are electrically activated during
this step. Because the metal films were deposited prior to
the high temperature anneal, they provide support,ﬁor the
BPSG at the mouth of the contact hole, preventing'its

deformation and encroachment into the opening.

A laver tungsten 40(Fig. 2D) nominally 5,000 Angstroms thick
is then deposited by CVD using tungsten hexafluoride and
hvdrogen. The deposition is carried out in a cold-walled,

low temperature CVD reactor between 415°C and 500°C.

Because the walls of the contact openings remain

vertical and undistorted, the filling by tungsten is

thorough and the plug is without voids. The tungsten laver
40 is then patterned with photoresist and etched to define

isolated tungsten plugs. These pluqs_are subsequently

contacted by the preferred interconnection metallurgy.

The embodiment of FIG.2 uses a p-type substrate. It

should be well understood by those skille@_in the art that



which netallic contacts are later forned. A layer of borophosphosilicate
gl ass(BPSG 12 between 5,000 and 15,000 Angstrons thick is deposited onto
thessilicon surface. As deposited, the surface of the BPSG | ayer

replicates the non- planar surface of the silicon substrate. The wafer is

anneal ed at 800[err] to 900[err] C causing the BPSG to fl ow,
enhancing the planarity of it's surface. Photoresist 14 is

t her eby
applied and the

contact openings are patterned using stdgdard photolithographic
t echni ques. ngggLyegggPSO etching(RIE) is then used to open the contacts
G

areas in the

| ayer and expose the device diffusions on the silicon
surface. Appropriate etchants and techni ques to provide high

et ch-rat e-r at negsype esuls t rddwwondact hosei @¢ andy Gil® bl aisedrt It Thieodbper of

the walls of the resultant opening can be well controlled,

and the etching

can be cl eanl pet énntheat edhderstood that the substrate conductivity-tgme-

TSMC- 1- 95- 150 at the silicon surface.

as referred to here does not' necessarily refer to the

conductivity of the starting wafer but could alsc be the

conductivity of a diffused region within a wafer wherein the

semiconductor devices are incorporated. Such situations

encountered in the twin-well CMOS technology.

Correspondingly, whereas the embodiment uses arsenic or

phosphorous as the implant for the source and drain implants

in 2 p-type well, boron would be used as an implant in an n-

type well.

While the invention has been particularly shown and

described with reference to the preferred embodiments

thereof, it will be understood by those skilled in the art

that various changes in ferm and details may be made without

departing from the spirit and scope of the invention.

What is claimed is:



of the conductivity type corresponding to that of the exposed silicon

&7 next i npl ant xIO[err] to 2x10[err] atons/cnferr] and
t” ener gi es of; Jmuntmw(“mimmuf t hi s enbodi ment, phosphorous atons are
used to re-enforce °thé n*tybe contacts. I n anot her enbodi nent
conprising CMOS product having bothmn-1and p-type contacts, the wafer is
first given a blanket boron inplant using 2x10[err] to 5x10[err] BF| err]
at oms/ cni er EFMC-BofR-h3%and p-contacts are inplanted. Next the p-contacts
are covered by a photoresist block-out mask and the n- contacts are

ol ant od oL by BOSPUOLOUS. Aot 1936101 o ARl S Lo 4O GXPL ¢ Lenourg

atons/cnf err] phosphorous dose "excee cor respon )oron dose

in order topQVelzEROPERSALEs {da dilaAnkile sWBLRRLL duct i VEHLIYHag now to
Fig. 2B, approxiﬁatg?y 400 %mgstrons of titan?un?Z%ozﬁ%clf1oaﬁtgb%?300

Angstroms OfstibfarbHed % tndrfle dbesamRtdaresstadi pptLetde vmfare after

stripping the photoresist. These filns are deposited by rf sputtering.
conductivity of the starting wafer but could also be the
conductivity of a diffused region within a wafer wherein the
semiconductor devices are incorporated. Such situations

encountered in the twin-well CMOS technology.

Correspondingly, whereas the embodiment uses arsenic or
phosphorous as the implant for the source and drain implants
in 2 p~type well, boron would be used as an implant in an n-

type well.

While the invention has been particularly shown and
described with reference to the preferred embodiments
therecf, it will be understcod by those skilled in the art
that variocus changes in fcrm and details may be made without

departing from the spirit and scope of the invention.

What is claimed is:



The wafer is then exposed to a rapid-thermal -anneal i ng

TSMC- 1-95-150 . cycle creating tenperatures from900[err] to 1000[err]C
(Fi:g 20):. Durin ' ' ych normally lasts for about 20 seconds,
the titanium|l aﬁM“Hﬂ”ﬂ"’Mﬂﬂlﬂm‘w silicon to form TiSi[err] 30 and at the
same time also forng am i mtismte chem cal bond with the BPSG by form ng
titaniumsilicate 32. The inplanted dopant atons are electrically
activated during this step. Because theé3netal filns were deposited prior
to the high tesygefbias-d58nneal , they provide support for the BPSG at the
mout h of the contact hole, preventing its deformation and encroachnent

I nto the opening. A | ayer tungsten 40(Fig. 2D) nomnally 5,000 Angstrons
thick is then deposited by CVD using tungsten hexafluoride and hydrogen.

The deposition is carried out in.a cold-walled, |owtenperature CVD
react or between 415[-efy FethAd shofeming a contact to a silicon

semiconductor device and providing connection to 2

 metallic interconnection network comprising:
providing a.semiconductor substrate;
S forming semicbnductor devices within the surface of
said semiconductor substrate;
forming a layer of silicate glass over said
semiconductor devices;
flowing said silicate glass by.heatinq;
10 depositing a layer of photoresist on said silicate
glass;
depositing a first layer of photoresist over said
silicate glass; |
patterning said photoresist to define contact hole
15 openings; |
etching said silicate glass with a unidirectional dry
etching technique to provide vertical walled openings
in said silicate glass, exposing the subjacent contact
regions of the semiconductor devices; |
20 implanting dopant atoms into the contact openings;
removing said photoresist layér; ]
. forming a titanium laver over said silicate glass:
forming a metal barrier layer over said titanium layer;

subjecting said semiconductor substrate to rapid



Because the wal l enings remain vertical and undistorted,
the filling by tuHﬂften is thorough and the plug is without voids. The

tungsten | ayer Hwﬂmnﬂw,ﬁlned wi th photoresist and etched to define
i sol ated tungsten gs are subsequently contacted by the

preferred i nt er connect i on netallurgy The enbodi nent of FIG 2 uses a
p-type substrate. It should be well understood by those skilled in the art
t hat - 14 92 . TSMC-1-95-150 n-type

substrate conddt®i &lPPeésﬂay al so be used. It should be further understood
that the substrate conductivity type as referred to here does not
necessarily refer tgethg} gﬁﬁ@gpgéylty of the starting wafer but could also
be the conductivity of a diffused region within a wafer wherein the

sem conduct or devi gegosdt ind @ rigattedt. 1&Weh; sandiati ons encountered in the
tw n-wel|l CMOS technol ogy.
etching said tungsten layer to form tungsten plugs.

2. The method of claim 1 wherein the implant dosage is
5 between 2x10M to 2x1015 atoms/cﬁzat energies between 30

and 1900 keV.

. 3. The method of claim 1 wherein the semicoﬁauctor

substrate is p-type.

4. The method of claim 3 wherein the dopant atoms are

10 phosphorous.

5. The method of claim 1 wherein the semiconductor

substrate is n-type.

6. The method of claim 5 wherein the dopant atoms are

boron as BE.
15 7. The method of claim 1 wherein the silicate glass is
borophosphosilicate glass(BPSG) of approximately s,000

to 15,000 Angstroms thiékness.

8. The method of claim 1 wherein the silicate glass is



Correspondi ngly, whereas the enhodiment uses arsenic or phosphorous as the
I npl ant for the source and drain inplants- in a p-type well, boron would be

used as an i npl ant Wil e the invention has

been particularly Hmmlmmﬁl bed with reference to the preferred

embodi nents thereof, §t Wi M Be lnderstood by those skilled in the art

that various changes In formand details nay be made w thout -departing

fromthe spir&ége g Eoﬁﬁ{Of the invent+otb - What is clained is:
150

- 12 - TSMC-1 ype substrate conductivities may al so be used. It
should be further understood that the substrate conductivity type as

referred to here d&?&sﬁK&sﬂQ‘éﬁ%é%léys(l@é@f df0 dppRoximadetyi §i 040 oftd he
starting wafer but could also be t

15,000 Angstroms thlckness.

9. The method of claim 1 wherein the silicate glass i

flowed at a temperature between 800°C and ¢00°C.

5 10. The method of claim 1 wherein the unidirectional
etching technique is reactive-ion-etching usiqq
tetrafiuoromethane and conditions conducive éb provide
vertical sidewalls, a2 high silicon-to-oxide etch rate

ratio, and precise end-pcint control.

10 11. The method of claim 1 wherein the titanium laver is

between 300 and 800 Angstroms thick.

12. The method of claim 1 wherein the barrier metal
layer is titanium nitride(TiN) and is between 800 and

2,000 Angstroms thick:

15 13. The method of claim 1 wherein the barrier metal is

TiWw and is between 800 and 2,000 Angstroms thick.

14. The method of claim 1 wherein the rapid-thermal-
annealing(RTA) is accomplished in nitrogen usirg 2

halogen lamp as a heat source.



conductivity of a diffused region within a wafer wherein the sem conductor
devi ces are incorporated. Such situations encountered in the tw n-well
CMOS t echnol ogy. gl y, whereas the enbodi ment uses
arsenic or phosphorl(ll“lumr“ﬁﬂ"mnlc’ t for the source and drain inplants
in a p-type well, borbn %ot d"besused .as an inplant in an n- type well.
Wil e the invention has been particularly shown and described with
reference to the preferred embodi ments Th&rsof, it will be understood by
those skilled iTfMrd-85r15Phat various changes in formand details nmay be
made wi thout departing fromthe spirit and scope of the invention.

VWhat is clainmed is:

15. The method of claim 1 wherein the témﬁ%%alure of

the wafer surface during RTA is between 900°C and

1000°C.

16. The method of claim 1 wherein the tungsten layer is
5 - deposited at a temperature between 415°C to 500°C in a

cold walled, low temperature CVD system by the

reduction of WF; with hydrogen.

17. The method of claim 1 wherein the carrier

‘activation and the metal barrier bonding are performed

10 by a single annealing step.

18. A method cf forming contacts to silicon
semiconductor devices with both n and p type diffusions
on the same semiconductor substrate and providing
connection from these contacts to a metallic

15 interconnection network comprising:

providing a semiconductor subst:ate;
forming semiconductor devices with both n and p type
active areas within the surface of said semiconductor
- substrate;
20 forming a layer of silicate glass over said
semiconductor devices;

flowing said silicate glass by heating:;



TSMC- 1- 95- 150 ' +—A-fethodof formng a contact to a silicon

seni conduct or devi ce and nection to a metal lic
i nt-er connect i on netwo h‘i MTG‘\ provi di ng a sem conduct or
substrat e; 5 or devices within the surface of

sai d sem conduct or substrate formng a |layer of silicate glass
over said sem conduct or devi ces; : flowng said silicate

gl ass by heati 1 depositing a_.l gyer of photoresist on said
silicate Tg%cgﬂ gé 150 depositing a first |layer of photoresist

over said S|I|cate gl ass; patterning said photoresist to

define contact hol ge 351 tmq %De'@,{%g'sof photore®i#hidW swaild s3ijlicaake gl ass
with a unldlrectlonaF et.ching technique to provide vertica

wal | ed openi ngs g1ass.|n said silicate glass, exposing the subjacent
cont act regi ons of the sem conductor devices; 2Q I mpl anti ng
dopant atons into #eposhtimfta FieBitNYayer of photicERMistY ovakrdsphAt or esi st
ayer: silicate glass;
5 patterning said photoresist to define contact hole

openings;

etching said silicate glass with a unidirectional dry

etching technique to provide vertical walled openings

in said silicate glass, exposing the subjacéht contact

10 regions of the semiconductor devices;.
implanting a first dose of p-type dopant atoms into the
contact openings;
depositing a second layer of photoresist over said
first layer of photoresist;

15 patterning said second layer of photoresist to expose
only the contact openings to n-type contact areas;
implanting a second dose of n-type dopant atoms into
said exposed n-type contact openings;
removing said first and second photoresist lavers;

20 forming a titanium laver over said silicate glass;
forming a metal barrier layer over said titanium layer;
subjecting said semiconductor substrate to rapid
thermal annealing;

depositing a tungsten laver; and

25 etching said tungsten layer to form tungsten plugs.



fornming a titaniun1IaygL’gyeL;sa%d’§TTTEate gl ass; forming a netal
barrier layer over sard titani \ subj ecting said
sed conduct or substrat ““‘\r\ ﬂ “ ﬁ“ - 14

- TSMC- 1- 95- 150 anntal i ng; depositing a tungsten
| ayer; and etchlng Said tungsten layer to form tungsten plugs.

2. The nethod of claim1 wherein the inplant. dosage is 5 bet ween
2x10[err] to 2x10[err| atons/cnferr] at-ﬁﬂejgies bet ween 30 and 100
keV. “#0hod of claim 1 erein the sem conduct or

substrate is p- type. 4. The nethod of ‘claim 3 wherein the dopant

atonms are 10 l%ho§ggoﬁggﬁéd of claim 18 wherein first dose of dopant

3
atoms are boron as BE,".

20. The method of claim 18 wherein second dose of

dopant atoms are phosphorous.

5 21. The method of claim 18 wherein the first dose of
dopant atoms is between 2x10“ to leO“ atoms/mﬁ at

energies between 30 and 100 keV.

22. The method of claim 18 wherein the second dose of
dopant atoms is between 1x10¥ to 2x10! atoms/mﬁ_at

10 energies between 30 and 100 keV.

23. The method of claim 18 wherein the silicate glass

is borophosphosilicate glass{(BPSG) of approximately

5,000 to 15,000 Angstroms thickness.

24. The method of claim 18 wherein the silicate glass
15 is phosphosilicate glass{PSG) of approximately 5,000

to 15,000 Angstroms thickness.

25. The'method of claim 18 wherein the silicate glass

is flowed at a temperature between 800°C and 900°C.



5. The method of claim1l wherein the sem conduct or substrate is
n-type. 6.—The method of claim5 wherein the dopant atons are

boron as BF[err]. hod of claim 1l wherein the silicate

glass is bor 4@5!&”1'“”‘““@& ass(BPSG of approximately 5,000

to 15,000 Angstrons t ess.m s * 8. The nethod of claim1 wherein

the silicate glass is . ' - 15 -

TSMC- 1- 95- 150 phosphosi | icate g|$ESLPSGQ of approximately 5,000 to
15, 000 Angst rkMCt I Tkness . 9. e method of claim1 wherein the

silicate glass is flowed at a tenperature between 800[err]C and

900[err] C.

26. The method of claim 18 wherein the unidirectional
etching technique is reactive-ion-etching usihg
tetrafluoromethane and conditions conducive to provide
vertical sidewalls, a high silicon-to-oxide etch rate

-

5 ratio, and precise end-point control.

27. The method of claim 18 wherein the titanium laver

is between 300 and 800 Angstroms thick.

28. The method of claim 18 wherein the barrier metal
layer is titanium nitride(TiN) and is between 800 and

10 2,000 Angstroms thick.

29. The method of claim 18 wherein the barrier metal is

TiW and is between 800 and 2,000 Angstroms thick.

30. The method of claim 18 wherein the rapid-thermal-

annealing(RTA) is accomplished in nitrogen using a

15 halogen lamp as a heat source.

31. The method of claim 18 wherein the temperature of

the wafer surface during RTA is between 900°C and

1000°cC.

32. The method of claim 18 wherein the tungsten laver



5 10. The method of claim 1 wherein the unidirectional et chi ng
technique is reactive-ion-etching using tetrafl uoronet hane and
condi ti ons conduci ' vertical sidewalls, a high
silicon-to-oxide emﬂmmmam"ﬁmuulr atio, and precise end-point control.
10 11. The met had of €l aa msl erein the titanium|l ayer is

bet ween 300 and 800 Angstrons thick. 12. The nmethod of claiml
wherein the barrier netal Iayerzls _titaniumnitride(Ti N) and is
bet ween 808S¥&d1-95-150 2, 000 Angstroms thick. . 15 13. The nethod of
claim1l wherein the barrler netal |s TiWand is between 800 and

2,000 Angstrons . thic . _The nethod of claim1 whereln lhe
rapld thermal - 18 dep°séﬁﬁ§apln@(ﬁ?RPeFétQE@b t“@ﬁ@d4#§ égﬁlééﬂﬁb a

hal ogen | anp asaa n %F aﬁ ed, low temperature CVD system by the

reduction of WF; with hydrogen.

33. The method of claim 18 wherein the carrier
5 activation and the metal barrier bonding are performed

by a single annealing step.



-16 -  TSMC 1-95- 150 15. The nethod of claim 1 wherein the

t enper at ure of the wafer surface during RTA is between 900[err]C
and: . 1000[err] C 16.: The nethod of claim | wherein the
tungsten layer is 5 deposited at a tenperature between 415C to
500[err]Cin a cold walled, |ow tenperature CVD system by the
reduction of WF[err] w th hydrogen. : 17. The nmethod of claiml
wherein the carrier activation ag? the netal barrier bonding are
perfornmed 10 by a single annealing % 18. A met hod of
formng contacts to silicon senlconductor devices with both n and p
type diffusions on the sanme sem conduct or substrate and providing
connection fromthese contg 0 etallic 15

net wor k conpri si ng: a seni condfft

form ng sem conduct or devi h n and p {

within the surface of said

222%
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FIG. 1A — Prior Art
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FIG. 1B — Prior Art.



20 formng a |ayer of silicate glass over said sem conduct or

devi ces; flowi ng said silicate glass by heating;
TSMC- 1- 952150 17 depositing a |layer of photoresist on
said silicate gl ass; depositing a first |ayer of
phot or esi st over said silicate glass; 5 patterning said
phot oresi st to define contact hole openi ngs; etching said
silicate glass with a unidirectional dry etching technique to
provi de vertical walled openings 2(% said silicate glass, exposing
t he subj acent contact 10 regi ons of the sem conductor devices;
inmplanting a first dose of p-type dopant atons into the cont act
openi ngs; depositing a second | ayer of photoresist over fal d
first |layer of photoresist;
= |
20
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16

FIG. 1C — Prior Art

FIG. 1D — Prior Art



15 patterning said second | ayer of photoresist to expose only
the contact openings to n-type contact areas; i npl anting a second
dose of sn-type dopant atons into sai d exposed n-type contact

openi ngs; removing said first and second photoresist |ayers; 20
formng a titaniumlayer over said silicate glass; formng a neta
barrier |layer over said titaniumlayer; subj ecting said

sem conductor substrate to rapid her mal anneal i ng;

depositing a tungsten |layer; and 25 3 étching said tungsten | ayer to
form tungsten plugs. TSMC- 1- 95- 150 - 18 -

19. The nethod of claim 18 wherein first dose of dopant atons are
boron as BF[err]. 20. The nmethod of claim 18 wherein second dose
of dopant atons are phosphorous.

INENEENN
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FIG. 1E — Prior Art



5 21. The nethod of claim 18 wherein the first dose of dopant

atonms is between 2x10[err] to 5x10[err] atons/cnferr] at energi es
bet ween 80 and 100 keV. 22. The nmethod of claim 18 wherein the
second dose of dopant atons is between 1x10[err] to 2x10[err]
atons/cnferr] at 10 energi es between 30 and 100 keV. 23. The
met hod of claim 18 wherein the silicate gl ass IS
bor ophosphosilicate gl ass(BPSG of appro&i tely 5,000 to 15, 000
Angstrons thickness. 24. The nmet'hod of claim 18 wherein the
silicate glass 15 I s phosphosilicate gl ass(PSG of approxi mtely 5,000
to 15,000 Angstrons thickness. 25. The nmethod of claim 18 wherein
the silicate gl ass E;E;f;?ﬁ?i}at a tenper 800[err] C and
900[err] C 14

12
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TSMC-| - 95- 150 - 19 - 26. The nmethod of claim 18 wherein

t he uni directional etching technique is reactive-ion-etching using
tetrafl voromet hane and condi ti ons conducive to provide verti cal
sidewal I s, a high silicon-to-oxide etch rate 5 rati o, and precise
end- point control. 27. The nethod of claim 18 wherein the
titanium | ayer ' I s between 300 and 800 Angstrons .t hick
28. The nmethod of claim 18 wherein thetgygier nmet al | ayer is
titaniumnitride(TiN) and is between 800 'and 10 2,000 Angstrons thick.
29. The nethod of claim 18 wherein the barrier netal is TiwWand is
bet ween 800 and 2,000 Angstrons thick. 30. The nethod of claim18
wherein the rapid-thernal - anneal i ng(RTA) is acconplished in
nitrogen using a 15 hal ogen | anp_as a heat_source. 1. The
met hod of cl aim 18 wherei tak ure of [y
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the wafer surface during RTA is between.900[err] C and 1000[err] C
32. The nethod of claim 18 wherein the tungsten |ayer

TSMC-1- 95- 150 - 20~ is deposited at a tenperature
bet ween 415C to 500[err]Cin - . acold walled, |ow tenperature CVD
system by the reduction of WF6 wit h hydrogen. 33. The

met hod of Cé?*é?iﬁiégkiéalq the carrier 5 activation and the jetal

barrier bon € pert ol geshrrep TunGHYENE PEEIGbRTRINBRICESS St ep.

ABSTRACT

An improved method for the fabrication of an ohmic,
low resistance contact to heavily ddped silicon is
described using a CVD deposited tungsten plug provided
with Ti/TiN barrier metallurgy. The method provides for
surface planarization using a borophosphosilicate glass
insulator deposited on the silicon. After the glass is
flowed to planarize its surface,.contact holes;are
patterned in the glass and the exposed silicon substrate
contacts are implanted. Instead of activating the implant
with a rapid-thermal-anneal at this point the Ti/Ti¥N
barrier metallurgy is applied first followed by the
anneél. This provides support for the glass at the upper
corners of the contact opening during the anneal and thus
prevents them from deforming and encroachin§ into the
contact hole opening. -

By using the Ti/TiN metallurgy to support the glass,

higher annealing temperétures are permitted, providing
not only for adequate dopant activation but also fer a2
lower contact resistance and impréved bonding of the
metallurgy to the silicate glass. The preserved integrity
of the contact opening walls results in complete fiilinq
of the contact opening by the tungsten. Additionally, 2

second annealing step is unnecessary.

(FIGURE 2A -1S SUGGESTED FOR ‘PUBLICATION)



