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A MODIFIED TUNGSTEN-PLUG CONTACT PROCESS 

BACKGROUND OF THE INVENTION 

Cl) 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 

technoloqy(VLSI) comprises the formation of isolated 

semiconductor devices within the surface of silicon wafers 

and interconnecting these devices with metallic wiring 

layers above the surface. This interconnection syst·em 

usually consists of two or more levels of interconnection 

metallurgy, separated by insulation layers. The first layer 

of metallizationCsometimes 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 
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circuits into larger units. A firtal layer of metallization 

is applied to connect the hiqhest level of circuitry to pads 

which form the chip's external connections. Connections 

between metal levels are made usinq metal filled via holes 

in an insulation layer, which usually consists of silicon 

oxide, phosphosilicate qlass(PSG), or borophosphosilicate 

qlass(BPSG). Each level of metallurgy has a unique set of 

requirements which define it's composition and pro.cessinq. 

The first level must provide a low resistance(ohmicl contact 

to the silicon .. Unlike metal-to-metal contacts, the metal­

to-semiconductor contact is hiqhly dependent on both the 

doping level and the doping type of the silicon. Current 

technology requires that the dopinq level of the silicon be 

of the order of 1020 atoms/cm~. This level of dopinq provides 

a sufficiently narrow depletion reqion and sufficient 

electron concentration to achieve adequate electron 

penetration of the interfacial energy b~rrier. The metal 

chosen for this contact must have a low electron work 

function as well as a low resistivity. Earlier technoloqy 

used aluminum because of it's low resistivity, qood 

adhesion, and ease of processinq. However, as the technoloqy 

advanced, many modifications were necessary to cope with 

problems that arose with decreasinq device size and 

increasing current requirements. Aluminum still remains the 

basic metal of choice for integrated circuit wiring although 

' ... 
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it's properties have been improved by the addition of smal"l 

quantities of silicon(Si), tunqsten(W), or titanium(Ti). 

These same 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 penetration 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 alloyed with silicon, or other 

refractory metals, by evaporation or rf sputtering have 

required the use of tapered contact openings in order to 

achieve qood step coverage. The contact openinqs 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 open~nq by reactive-ion­

etching(RIE). Other techniques used BPSG as the insulator 

which was flowed prior to metal deposition to give a large 

anqle taper alonq the entire openinq. Thalapaneni 

USS,238,872 describes a technique wherein a Ti-TiW-AL 
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contact is formed into a BPSG layer. The upper part of the 

contact opening is widened by an initial isotropic chemical 

etching. Then RIE is used to provide a vertical wall to the 

base of the contact opening. 

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 it can be 

deposited at temperatures below 500°C by chemical vapor 

deposition(CVD) using the hydrogen or silane reduction of 

tungsten hexafluoride(WF6>· The deposition is very conformal 

and results in remarkably good filling of vertical walled 

contact hole openings. Thus the need for space-wasting 

tapered contact openings is eliminated. A thin layer of 

Ti/T1W 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 layer can be patterned to provide lateral 

wiring lines, the preferred method is to pattern the layer 

to expose only the studs and wire these with traditional 

aluminum interconnection metallurgy. The studs are referred 

to as W-plugs. 
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A conventional process for forming W-plug contacts on a 

silicon wafer 10 substrate is shown in Fig. l(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 layer 

replicates the non-planar surface of the silicon substrate. 

The wafer is annealed at 800°C to 900°C causing the SPSG to 

flow, thereby improving the planarity of it's surface. 
'• 

Photoresist 14 is applied and the contact openings are 

patterned using standard photolithoqraphic techniques. 

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

openings in the BPSG. 

Although the flowing of the SPSG provides a smooth 

upper 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. Adai tionally, 

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 
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shorted junctions. 

For these reasons an implant is made throuqh the 

contact openinqs to re-enforce the active reqions of the 

devices. The silicon in the exposed contact areas is 

implanted with the appropriate dopant to provide a 

concentration of 2xl~( to 2xl~ 5 dopant atoms/c~. Some 

products may require only one type of contact. For•example, 
. •, 

in NMOS technoloqy the diffused contacts can be entirely of 

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

without masking. For complimentary MOSCCMOS) 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 photolithoqraphic step to shield then-

contacts. 

Under the conventional procedure, these contact. 

implants are next activated by rapid-thermal-annealing(RTA}. 

This causes the BPSG to flow at the upper edge 18 (Fig. lB} 

and severely encroach into the contact opening if the anneal 

temperature is above· 950°C. The Tf/TiN barrier 
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metallization 20,22 (Fig. lC) is then deposited and a second 

annealinq is performed between 550° and 700°C to secure a 

bond of the Ti to the silicon 30 and to the BPSG 32 (Fig. 

lD). Finally a layer of CVD tungsten 40 (Fig. lE} 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 tungsten 40 leaving a 

void 42 in the center. Depending upon the deqree of the 
~ I 

overhang and the size of the contact opening, the thin 

tungsten walls surrounding the void have the potential for 

subsequent electrical failure. 
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su~~y OF THE INVENTION 

Under the modified procedure of 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. preventinq it from roundinq 

off at the upper corners and encroachinq into the:contact 
I 
I 

openinq. Additionally, this support permits a hiqher 

subsequent annealinq temperature than does the conventional 

process. This results in a lower contact resistance of the· 

metal-silicon contact as well as siqnificantly improved 

adhesion of the Ti/TiN to the BPSG. Finally, the fillinq of 

the contact openinq b>• the tunqsten is free of voids. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fiq. l(A-E) show the steps of the conventional process 

for forminq the W-pluq contact. 

FIG. 2CA-D) show the steps of the contact forminq 

process tauqht by this invention. 
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DESCRIPTION OF THE PREFEP.RED EMBODIMENTS 

Referring now to Fiq. 2A, a p-doped <100> oriented 

rnonocrystalline silicon wafer 10 is provided. Usinq standard 

processing techniques familiar to these in the inteqrated 

circuit manufacturinq industry, semiconductor devices such 

as self-aliqned polysilicon gate field effect transistors, 

are formed within the surface of the silicon wafe~~ The 
I 

\ 

heavily doped source and drain implants of arsenic or 

phosphorous 16 comprise the active areas of these devices to 

which metallic contacts are later formed. A layer of 

borophosphosilicate qlass(BPSG} 12 between 5.000 and 15,000 

Anqstroms 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 900°C causinq the BPSG to flow, thereby 

enhancinq the planarity of it's surface. Photoresist 14 is 

applied and the contact openinqs are patterned usinq 

standard photolithoqraphic techniques. Reactive-ion­

etchinq(RIE) is then used to open the contacts areas in the 

BPSG layer and expose the device diffusions on the silicon 

surface. Appropriate etchants and techniques to provide hiqh 

etch-rate-ratios are well known to those practicing this 

art. The taper of the walls of the resultant openinq can be 

well controlled, and the etchinq can be ~leanly terminated 
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at the silicon surface. 

Ions of the conductivity type correspondinq to that of 

the exposed silicon are next implanted at a dose of 2x10H 

to 2xlo1S atoms/cm2 and at enerqies of 30 to 100 keV. For 

this embodiment, phosphorous atoms are used to re-enforce 

the n-type contacts. 

In another embodiment comprisinq CMOS product havinq 

both n- and p-type contacts, the wafer is first qiven a 

blanket boron implant usinq 2xl014 to Sx1014 a:,+ atoms/cat. 
~ 

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

are covered by a photorccict block-out mack and the n­

contacts are implanted with phosphorous at a dose of lx10 15 

to 2x1olS atoms/cml. This phosphorous dose exceeds the 

correspondinq boron dose in order to over-compensate the 

blanket implant. 

Referrinq now to Fiq. 2B, approximately 400 Anqstroms 

of titanium 20 and 1,100 to 1,300 Anqstroms of titanium 

nitride 22 are deposited onto the wafer after strippinq the 

photoresist. These films are deposited by rf sputterinq. 

The wafer is then exposed to a rapid-thermal-annealinq 
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cycle creating 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 2 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 wer~ deposited prior to 

the high temperature anneal, they provide support ... for the 

BPSG at the mouth of the contact hole, preventing its 

deformation and encroachment into the opening. 

A layer tungsten 40(Fiq. 2D) nominally 5,000 Angstroms thick 

is then deposited by CVD using tungsten hexafluoride and 

hydrogen. 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 

thor.ouqh and the plug is without voids. The tungsten layer 

40 is then patterned with photoresist and etched to define 

isolated tungsten plugs. These pluqs are subsequently 

contacted by the preferred interconnection metallurqy. 

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

should be well understood by those skilled in the art that 
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n-type substrate conductivities may also be used. It should 

be further understood that the substrate conductivity type 

as referred to here does not· necessarily refer to the 

conductivity of the s~arting 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 a 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 chanqes in form and details may be made without 

departing from the spirit and scope of the invention. 

What is claimed is: 
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n-type substrate conductivities may also be used. It should 

be further understood that the substrate conductivity type 

as referred to here does not· necessarily refer to the 

conductivity of the s~artinq wafer but could also be the 

conductivity of a diffused reqion within a wafer wherein the 

semiconductor devices are incorporated. Such situations 

encountered in the twin-well CMOS technoloqy. 

Correspondinqly, whereas the embodiment uses arsenic or 

phosphorous as the implant for the source and drain implants 

in a p-type wel 1, boron would be used as an imp.lant 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 form and details may be made without 

departinq from the spirit and scope o~ the invention. 

What is claimed is: 
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1. A method of forminq a contact to a silicon 

semiconductor device and providing connection to a 

metallic interconnection network comprisinq: 

providing a semiconductor substrate; 

5 forming semiconductor devices within the surface of 

said semiconductor substrate; 

forminq a layer of silicate qlass over said 

semiconductor devices; 

flowinq said silicate glass by heating; 

10 depositing a layer of photoresist on said silicate 

glass; 

depositinq a first layer of photoresist over said 

silicate qlass; 

patterning said photoresist to define contact hole 

15 openings; 

etch1nq said silicate glass with a unidirectional dry 

etching technique to provide vertical walled openings 

in said silicate glass, exposing the subjacent contact 

reqions of the semiconductor devices; 

20. i-mplantinq dopant atoms into the contact openings; 

removing said photoresist layer; 

forming a titanium layer over said silicate glass; 

forming a metal barrier layer over said titanium layer; 

subjectinq said semiconductor substrate to rapid 
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thermal annealinq: 

depositing a tunqsten layer; and 

etchinq said tunqsten layer to form tunqsten pluqs. 

2. The method of claim 1 wherein the implant dosaqe is 

I 4 l C ·T 
5 between 2x10· to 2xl0 • atoms/cm• at enerqies between 3.0 

and 100 keV. 

.. 
3. The method of claim l wherein the semiconductor 

substrate is p-type. 

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

10 phosphorous. 

5. The method of claim l wherein the semiconductor 

substrate is n-type. 

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

boron as BFz · • 

15 7. The method of claim l wherein the silicate qlass is 

borophosphosilicate qlaGs(BPSG) of approximately 5,000 

to 15,000 Anqstroms thickness. 

a. The method of claim 1 wherein the silicate qlass is 
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phosphosilicate qlass(PSG) of approximately 5,000 to 

15,000 Angstroms thickness. 

9. The method of claim 1 wherein the silicate qlass is 

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

5 10. The method of claim 1 wherein the unidirectional 

etching technique is reactive-ion-etching using 
I 

tetrafluoromethane and conditions conducive to provide 

vertical sidewalls, a hiqh silicon-to-oxide etch rate 

ratio, and precise end-point control. 

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

between 300 and 800 Angstroms thick. 

12. The method of claim l wherein the barrier metal 

layer is titanium nitride(TiN) and is between 800 and 

2,000 Anqstroms thick~ 

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

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

14. The method of claim 1 wherein the rapid-thermal­

annealing(RTA) is accomplished in nitrogen using a 

halogen lamp as a heat source. 
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15. The method of claim 1 wherein the temperature of 

the wafer surface during RTA is between 900°C and 

10oo 0 c. 

16. The method of claim l 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 W~ with hydrogen. 

17. The method of claim l wherein the carrier 

activation and the metal barrier bonding are performed 

10 by a single annealing step. 

18. A method of forming contacts to silicon 

semiconductor devices with both n and p type diffusions 

on the same semiconductor substrate and providinq 

connection from these contacts to a metallic 

15 interconnection network comprisinq: 

providinq a semiconductor substrate; 

forming semiconductor devices with both n and p type 

active areas within the surface of said semiconductor 

substrate; 

20 forminq a layer of silicate qlass over said 

semiconductor devices; 

f lowinq said silicate glass by heatinq; 
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depositinq a layer of photoresist on said silicate 

glass; 

depositing a first layer of photoresist over said 

silicate qlass; 

5 patterninq said photoresist to define contact hole 

openings; 

etchinq said silicate glass with a unidirectional dry 

etching technique to provide vertical walled openings 
.. 

in said silicate qlass, exposing the subjacent 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 layers; 

20 forming a titanium layer over said silicate glass; 

forming a metal barrier layer over said titanium layer; 

subjecting said semiconductor:substrate to rapid 

thermal annealing; 

depositing a tungsten layer; and 

25 etchinq said tunqsten layer to form tunqsten pluqs. 
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19. The method of claim 18 wherein first dose of dopant 
.I. a toms are boron as BF,· . .. 

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 2x10H to Sx10H atoms/cnf at 

energies between 30 and 100 keV. 

22. The method of claim 18 wherein the second dose of 

dopant atoms is between lxlo15 to 2x1olS atoms/cm2 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 Anqstroms thickness. 

24. The method of claim 18 wherein the silicate glass 

15 is phosphosilicate qlassCPSG) of approximately 5,000 

to 15,000 Anqstroms thickness. 

25. The method of claim 18 wherein the silicate qlass 

is flowed at a temperature between 800°C and 900°C. 
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26. The method of claim 18 wherei.n the unidirectional 

etching technique is reactive-ion-etching using 

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 layer 

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 usinq a 

15 haloqen lamp as a heat source. 

31. The method of claim 18 wherein the temperature of 

the wafer surface durinq RTA is between 900°C and 

1000°c. 

32. The method of claim 18 wherein the tungsten layer 
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is deposited at a temperature between 415°C to 500°C in 

a cold walled, low temperature CVD system by the 

reduction of WF6 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. 


