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Cleaning Con.tact With Successive Fluorine end Hydrogen Plasmas 

FIELD OF THE INVENTION 

The invention relates generally to methods of removing native oxide from a contact area on a 

semiconductor or metal layer before depositing a metal plug over the area. More specifically. the 

invention relates to such a method ip.cludinsl: a stet> of cleaoin2 the conta.et area usine: a fluorine­

containing plasma. followed by a step of removing any fluorine residue by exposing the contact a.rea 

to a hyd.iogen .. containing plasma. 

BACKGROUND OF THE INVENTION 

A common process sequence in manufacturing integrated circuits and other electronic devices 

is to deposit a dielectric layer over a semiconductor or metal region on a substrate, then etch a 

n1llllbe.r of Openings in the dielectric so that ea.eh opening eij,oses a contact area on the 

semiconducto1 or metal region,. then deposit a metal plug in eaoh opening so as to make electrical 

-contact with the contact area. If 1;h~ substrate is exposed to the ambient atmosphere or any other 

sollrce of ~xygen. after th~ openings are fonned, the sudace of the semiconductor or metal layer 

exposed in eadl. opening will become oxiclizcd. This native oxide must be removed or "cleanect11 

before depositing the metal plug in order to achieve good electrical contaot between the plug au~ the 

contact area. 

One conventional motb.od of cleaning native oxide from a silicon layer before depositing a 

~sten plug is plasma cleaning with a mixture of argon and Jl._TF31 as described in commonly assigned 

U.S. Patent 5,043,299 issued to Chang et al. on f,/27/91. However. because this cleaning process 

includes argon. it is unsuitable for certain dielectrics or shallow semiconductor junctions which can be 

damaged by argon sputtering. 

Another problem exists when the contact area is on a semicouductor region such as silicon. In 

order to mak'= good electrical contact between a metal plug and the semiconductor region, it typically 

is necessaxy te> deposit over the contact area a layer of refractory metal, and then anneal the 

workpi~ee so that atoms of the semiconductor material and the refractory metal !nterdiffuse to form a 
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compound s\lch as, wb,en the semiconductor is silicon, a refractozy metal silieide. The anneal 

tempetatures n:quired to achieve.a low resistance electrical contact tYPically are high enough to 

produce undesirable diffusion of the refractory metal into the semiconductor layer or the dielectric. 

SUMMARY OF TilE lNY.Bl't'TION 

T".ne invention is a method of oleamng a contact area of a semiconductor or metal region on a 

substrate of an electronic device. First,. the contact area is cleaned bv exoosin2 the substrate to a first . .. . -... 
atmOSPbere formed bv nlasma decomposition of at least one tluorine-con1ainin2 e:as. Second, the 

substrate is exposed to a seoond atmosphere that scavenges fluorine. The second atmosphere 

preferably is formed by plasma decomposition of at least 9ne hvdro2en-containlll2 2as. The second 

atmosphere removes any fluorine residue remaining on the contact area and overcomes any need to 

include argon sputtering in the cleaning process. 

Another aspect of the in"°ention is a method of depositing a refractory metal over a contact · · 

area Of a semiconductor region Oil a substrate. The contact area is cleaned according_ to the two-step 

process of the precoding paragraph. Then a re:Uaetory metal is deposited over the contact area. We 

have discovered that our two-step cleaning process can reduce the electriGal resistance between the 

refractozy metal and the semiconductor region. Furthennore, if the substrate is annealed to 

interdiffuse atoms of~ semic:onduct04 :material and the refractoxy metal, we have discovered that 

our two-step cleaning process can roducc the anneal temperature required to achievo a desired low 

electri~ resistance. 

BRIEF DESCRIPTION OF THB DRAWINGS 

Figure 1 is a seoticnal view of a substrate· on which the proccs~ of the invention may be 

perfomied. l 
Figure 2 is a tlow chart of a preclean and metal deposition process according to our · :vention. 

Fi~ 3 is a partially schematio, sectional view of a plasm.a chamber suitable for p nxdng 

the cleaning processes of the iu.venllon. 

Figute 4 is a sectional view of a substrate on whieh a metal plug has been deposited over an 
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exposed contact area of a silicon region. 

Fisurc S is a partially schematic. top view of a multi-chamber system for ped'orming cleaning 

and metal deposition. 

DETAILED DESCRIPTION OF nIE PREFERRED EMBODIMENTS 

Figure 1 shows a conventional senticonductor workpiece or substrate 10 on which the 

processes of the invention 1l18.Y be perfonned. The substrate typically is a silicon wafer on which 
. ::...• 

integrated circuits are to be formed or a glass substrate on which electronic video display devices and 

circuits are to be formed. The $U'b&rate is depicted as a silicon wafer in all of the following examples. 

The substl'ate includes one or more regions 12 of semiconductor or metal material. A 

dielectric layer 14 overlies the semiconduotor or metal regions. The dielectric 14 is patterned with a 

number of openings 16 so that ea.ch opening exposes an area 17 of one of the semiconductor or metil 

regions 12, this a.tea 17 be!ng termed the '<contact area" or "6'kposed area" of the se~conductor or · · 

metal region. (We define all portions of the semiconductor or metal regions 12 that are not covered 

by the dielectric 14 as being "exposed" even though the ex;posed surface may be covered by thin 

layer of native oxide as a resuit of exposure of the metal to oxyg"°7 such as oxygen in the ambient 

atmosphere.) 

Typically each opening is filled with a metal material to form a "plug'' tba.t makes electrical 

contact with the llll.detlying semicondlWtor or metal region 12. The plug also. is called a "contact" or 

"via'" according to whether the underlying region 12 is a semiconductor region or a metal interconnect, 

respectively. 

Both the illustrated workpiece and the just described process steps for forming the described 

openings and layers are conventional. 

If the workpiece is exposed to oxygen after the openings 16 are fonned, the exposed surface 

of each contact area 17 genetally will oxidize to fonn a thin layer of "native oxide" 18. Suoh oxygen 

exposure may. occur in an "ashing" process for removing photoresist after etching the openings in the 

dielectriC?~ or it may occur if the workpiece is exposed to ambient·atmo&phere while it is transported 

between two process chambers. This native oxide must be removed or '•cteanod" .before depositing 
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the metal plug in order to achieve ~ood electrical contaot ~the plug and the contact area. 

In our invention, the coatM:t area is cleaned by a process that includes at least two steps. In 

one step, the ~ve oxide 18 is removed by exposing the substr_ate to a first atmosphere fonned by 

plasm.a decomposition of at least one fluorine .. oont.ain.ing gas (Figure 2, Step 101 ). We have 

discovered that this step can leave fluorine residue in lb.e contact openings 16 that can impair t~e 

performance, such as electrical resistivity, of a subsequently deposited plug. Therefore, our 

invention further mclu.des a subsequent 5tep of exposing the substrate to a second atmosphere that . ~· 
scavenges :fluorine (Step 102). By ''scavenge'', we mean that the second atmosphere con.taiDs ~e! 

that combine 'With fluorine to form volatile compounds. Such volatile compounds are evacuated fron:: 

the process chamber by the exhaust pump connected to exhaust port 30, thereby eliminating fluorine 

residue from the contact or via openings 16. 

The :fiuorine-contamlng plasma used in our f'irst step (Step 101) can be produced by 

supplying to ·a conventionBI plasma chamber one or more fluorine-containing gases such as NF3, 

C'iF ~ or-SF 6• Optionally, a cwrler gas such as helium can be supplied to the plasma chamber. An 

electromagne~c power source excites the gases to a plasma state so as to dissociate many of the gas 

molecules. The carrier gas is desirable to enhance dissociation of the fi\lOrine-containing gas. AS 
described. below, we successf\illy cleaned native onde from a silicon region using a gas supply of 

10% NF3 and 90% He. 

(Throughout this patent specification, the percentage ooncenbtion of each constituent gas in 

a gas mixture is expressed as a percentage accordhis to molecular molar concentn.tion1 which 

approximately equals the percen~e concentration according 1o volume. We use the ierm "gas 

mixture" to refer to one or more gases supplied to a pla5ma. chamber; the term •'mixture" does not 

imply th.at more than one type of gas species is included.) 

To a.void spu~erlng damage to the substrate, it is preferable to form the plasma by a method 

that mfoimfaes electric fields at the Worlcpicoe position. 

One suitablo method of fonning the plasma is in a conventional retnote plasma source, which 

means that the plasma either is fonned in a separate chamber from the vacuum chambe:r that holds 

the 'MJFkpiece, or else the plasma is formed in a separate region of a common chamber such that the 
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pl2Sllla body is a substantial distance from the workpiece. In either case. an exhaust pump causes 

radi~al:s and iomo produc;ed by decomposition of gases in the p~asma. to flow from the plasma body to 

the workpiece. Conventional process chambers having remote plasma sow:ces are described in 

commonly-assigned U.S. patents S,346,S79 to Cook et al. and S,543,68& to Mori~ the entire 

content of each of which is hereby incorporated by reference into this patent specification. 

Alternatively, our currently prefen"ad method of forming tho plasma so as to avoid sputtering 

damage to the workpiece is in a plasma chamber having an inductively coupled plasma source, such .... 
as the commercially available preclean chamber 20 shown in Figure 3. 

The upper portion of the chamber is bounded by an upper wall 22 composed of dielectric 

material, and the lower portion of the chamber is bounded by a lower wall 23 composed of either 

dielectric or conducting material, typically aluminum~ All sUdaces of the susceptor that are exposed 

to chamber gases- i.e .. all surfaces not covered by the !ubstrate- are covered by a dielectric 37. 

The dielectric material used for the upper wall 22 and the silsceptor liner 3 7 preferably should be 

resistant to etching by the fluorine-containing speeies used in the process. A suitable dielectric 

material is alumina ceramic. 

The fluorine-containing gas mixture d~ribed above flows from a gas supply tBnk 24 at a 

flow ra:te·tegulated by a flow controller 26. typically a mass flow controller, arid then is iD,jected into 

tM upper portion of the chamber through one or more gas inlet ports 28. An exh.a.ust pump, not 

shown, exhausts chamber gases "through exhaust port 30 and regulates the chamber pressure. An RF 

power supply 32 8upplies RF electrical power to an induc.tion coil 34 that encircles the d~electric 

upper chaulber wall 22. The electrical power is induoti.vely coupled from the coil to the gases in the 

upper portion of the chamber so as to excite the gases to a plasma state. 

The substrate 10 is mounte4 in the lower portion of the chamber on a pedestal or suseeptor 

36, typically composed of aluminum. Preferably a second RF power supply 38, also called a bias 

power supply, is connected to supply RF power to the susceptor. This will create a negative DC 

bias voltage o..n the susceptor that will increase the flow of ions from the plasma to the susceptor. 

Howevez:-, in some applications the desited ~leaning rate may be achieved by diffusion of fl.uorine­

containing radicals and ions fJ:om the plasma to the substrate without a negative bias voltage. In such 
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cases the bias power supply 38' could be omitted. All of the eh.amber hardware components 

desorl'bcd above arc eonveutional. 

Various dissociated fluorine-containing species, su.ch as NFx and F radicals and ions, travel 

from the plasma to the substrate. These fluorineooeontainmg species react with the native oxide 18 to 

form. volatile compounds such as SiF 4 that are eidiausted from the chamber by the exhaust pump, 

thereby removing the native oxide 18 from the surface of the contact areas 17 of the semiconduetor or 

metal region 12. 
. ·-

After thena.tive oxide 18 is completely removed, the flow controller 26 shuts off the SUpP~Y 

of the fluorine-containing gas to tlw chamber. Our mvention then supplies a second atmosphere to 

the chamber to remove or "sca:venge" fluorine residue from the contact or via openings 16. This 

soavenging step preferably is perfor:med in the same plasma chamber used tO pedorm the fluorine 

cleaning step. 

By '~enge'', we mean that the second a1mosphere· con'tains species that combhie with 

fluorine to form oompounds that are volatile. By 'Cy-ola:tile" we mean compounds that vaporize at the 

temperatl.Jie and pressure of the atmosphere within the chamber. Such volatile com.pounds are 

evacuated ·from the process chamber by the exhaust pump cotmected. to exhaust port 30, thereby 

eliminating fluorine residue from the coo.tact or via openings 16. 

The second atmosphere preferably is formed by plasma decomposition of at least one 

hydrogea.-containing gas. Hydrogen radicals. and ions scavenge fluorine by fonning vole.tile 

compounds such as HF. Our preferred hydrogen·containhlg gas iS H2 (hydrogen gas), but NH3 

(ammoma) ands~ (ail.a.no) are ~ceptable alternatives. 

The hydrogen gas typically is mixed with a ca.nier gas such as helium. Although higher 

percentages ofhydtogen can 'be used,, a preferred mixture is 5% H2 and 95% He be~use higher 

conccntra.tions of hydrogen are :flammable and therefore require additiOMl safety precautions. 

In both the fluorine plasma cleaning step (Figtlre 21 Step IO I) and the hydrogen plasma 

scavenging steP {Step l 02), tb.e preferred carrier gas is helium because helium ions arc very light and . . 
therefor!: will stibjcct the dielectric 14 to little or no sputtering dam.ago. This is important for those 

types of diele(;ttj.cs the.t II'G especially susceptible to damage, such as those composed of organic 
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materials. Carrier gases eomposed of atomic species ha.'Vlng a greater atomic mass, such as argon, 

could be used instead of helilllll. in applications in which the dielectric is not susceptible to sputtering 

damage. However, one advantage of our process is that it does not require sputtering, hence it does 

not require a carrier gas having atomic species heavier than helium. 

The second atmosphere (preferably from a hydrogen-containing plasma) is maintained as loug 

as necessaey to remove all fluorine residue from 1he contact or via openings 16. We find that one 

minute is sufficient. ..... 
The hydrogen-helium gas mixture is supplied by a second gas supply tank 40 at a flow :r:a~e 

regulareci by a second flow co:otroller 42, and then is injected into the upper portion of the chamber 

through the preViously described gas. inlet pons 2.S. A master controller 441 preferably a 

COD"U'entiQnal programmable controller such as a .J!licrocomputer, preferably controls tbe fl.ow rates of 

the two flow controllezs 26, 42. the power output levels of the two RF power supplies. and a 

throttle valve (not shown) that regulates the chamber pressilie. The master controller preferably is 

programmed to permit a human operator to a~ust all of these and other process pammeters 

discussed in this patent specification. 

Next the substrate is transferred to a. conventional metal deposition chamber so that a 

µietal 50 (Figure 4) can be deposited in the openings 16 (Figure 1) so as to make electrical contact 

with the exposed contact areas 17 of the semiconductor or metal regions 12. If the regions 12 are 

metal, it may be possible to simply fill each P,lus or via opening 16 with a· desi?ed metal ~o such a$ 

aluminum, tangst~u., or copper (Figure 2. S~p 106) without any intennediat.e steps (Steps 103-105). 

Option.ally, befoxe depositing the metal SO to fill the opening 16, a conventional additional. 

step (Figure 2~ Step 105) is to.deposit on the side walls of the openiDg a wetting Ot adhesion layer 52 

(Figure 4) that prevents the formation of voids in the plug that could be ctea.ted if the metal 50 pulls 

away from the side wall of the dielectric 14 while it is :filling the opening 16. The wetting layer 

typically is composed of dtaniurn or a. titanium-containing compound or alloy such as titanium 

nitride or~um~fuugsten alloy. Processes for depositing wetting layers are described in 

comm~nly-assigned U.S. patents 5~71,042 to Ong; 5,443,995 to Nulman; and 5,911, l 13 to Yao; the 

entire conteiit of each of which is hereby incoipora~d by reference into thiL' patent specifieation. 
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If the regions 12 are silicon or other semiconductor, in order to prevent cliffilsion of the , 

metal 50 into the semiconductor, it often is necessary to deposit a "diffusion barrier layer'' 54 over 

the semiconductor 12 (Figure 2. Step 103) before depositing the plug metal 50 (Step 106). The 

barrier layer usually is titanium nitride. The bani.er layer often is annealed (Stop 104) in order to 

minhnize the porosity of the bani.er fibn. 

Also. in order to aohieve good elec1rical contact between the semiconductor material 12 and 

the metal SO that fills the remainder of the opening, it often is necessary to form directly over the ..... 

semiconductor region 12 a "contact layer'' S6 composed of a compound of the semioonductor 

material and a teftactory metal. In the case of sillco~ the compound would be a refractOry metal 

silicide. In silicon wafer manufaeturing, the refractory metal silicide layer S2 conventionally is 

formed by depositing over the silicon contact area a layer of a refractory metal such as titanium, 

molybdenum or tungsten (Figure 2, Step 103), and theu annealing the substrate (Step l 04) at a 

temperature high ea.ough to cause silicon atoms from the silicon region 12 to diffuse into the 

refractory metal to foim a thin layer of refractory metal silicide. 

Processes for depositing titanium silicide layers are described in U.S. patent 5,525,543 to 

Chen and in commonly-assigned U.S. pate~ 5,378,660 to Ngan, the entire content of each of which. 

is hereby incorporated by reference into this patent specification. Processes for depositing diffusion 

baniers are desmbed in the above-referenced patents to Ong, Nulman, and Ngan, respectively. and in 

commonly-assigned U-S· patent 5,108,569 to Gilboa, the entire content of which is hereby 

incotporat.ed by refere.oce into this patent specification. The Ngan patent describes a process for 

annealing a layer of titanium in a nitrogen atmosphere so as to simultaneously ~onn a titanium silicide 

contact layer where the titanium contacts the underlying silicon and a titanium ni1ride barrier layer 

where the upper surface of the titanium is exposed to nitrogen. 

Figure 4 shows the contact layer 56 and the barrier layer 54 on the bottom of the opening 16 

but not on the side walls. Conversely, Figure 4 •hows the wetting layer 52 on the side walls but not 

on.the bottom of the opening. In practice, some of the con.ta.ct layer and bmier layer material . . 
una"tl'oida'.f>ly will be deposited on the side walls. and some of th~ wetting layer material will be 

deposited on tile bottom of the oj,ening. In fact, some materials such as titanium nitride can function 
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as both the barrier layer 54 and as the wetting layer 52 if deposited on both the bottom and sides of 

·the opening. 

A serious shortcoming of conventional processes for forming a refractozy metal silicide is that 
. . 

a vecy high annealing temperature (Step 104) may be required to achieve an electrical cont.act betweet 

the metal plug 52 and tb.e silicon region 12 having a sufficiently low electrical resistance. We have 

discovered that our precleaning process - in which a hydrogen plasma (Step 102) scavenges fluorine 

residue from a preceding fluorine plasma cleaning step (Step .101) - reduces the a:onealing ..... 
temperature required to red.uoc the electrical resistance to a desired value (Step 104). The advantages 

of our invention over conventional processes that lack the hydrogen plasma scavenging Step (Step 

102) are demonstrated by the exmnple below. 

Our oleaning process (St.eps 10 l and 102) and subsequent mets.I deposition and annealing 

prooesses (Steps 103-106) preferably are performed in a ~nventional integrated, multi-chamber 

processing system so that the substrate can be tl'atlSfctred frOm one process chamber to another 

whlle remaiDing in a contaminant-free vacuum environment. FigUre S :diows a suitable multi-chamber 

system that is commercially available from the assignee of the present invention. A central controller 

or·microcomputer 44 controls all components of the .system. As described earlier, the cleaning 

process (Steps 101 and 102) is perfonned in a conventional preclean chamber 20, with the gas flow 

rates and other process param.etera being controlled by the controller 44. The c:ontrollet then 

coIDlllands robot 60 to transfer the substrate from the preclean chamber to a metal deposition 

chamber, such as a spUtter deposition chamber 62. The con~ metal layer 56 and/or the bmie.r 

layer 54 are deposited in that chamber under process parametets regulated by the controller 44 (Step 

103). The controller then conu:nands robots 60 and 64 to transfer the substrate to a high temperature 

anneal chamber 66, where the contxoller holds the substrate for a desired anne~ time and temperature 

(Step 104). The c~troller then comman.ds robots 60 and 64 to ttansfer the substrate back to the 

same metal deposition·chaniber 62 or to ~other metal deiiosition chamber 68 for deposition of the 

wetting laye{ (Step 105) and for dep0$ition of the metal SO that tills the remainder of the plug or via 

(Step 106). Fically, the c:ontroller commands the robots 60 and 64 to transfer the sul»trate to a load 

lock cluµnber 70 from whic:h the substrate can be transferred out of the vaeuu.m system to an external 
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storage cassette. 

Example 

We oompatod our cleaning process with three other cleaning processes in the e:icemplary 

application of cleaning a silicou iUm before depositing titanium over the silicon. We judged the 

effectiveness of each cleani.DS process by measuring the sheet resistance between the ti.tam.um and 

silicon films after the substrate was annealed to form titanium silicide at the boundaxy between the 
··....,:.. 

titanium md the silicon. 

To sim.plify the resistance measurements, we did not deposit any dielectric on tli.e substrates. 

Instead, we simply used bare silicon wafers 1bat were exposed to ambient e.unosphere so as to 

develop an outer la.ye:r of native oxide. After perromiliig one of the four cleaning processes in an 

attempt to remove the native oxide, we deposited a 150 A layer of titaniuni over the substrate using a 

conventional sputter deposition process. We then annealed'the substrate for 20 seconds to promote' 

diffusion of silicon atoms into the titanium to form titanium silicide. Different substrates were . . 
annealed at temperatures of 600" C and 675" C for comparison. Fmally we measured the sheet 

resistance; in ohms per .square, between the tit.ani.um film and the silicon substrate. Our test results 

are shown in Table 1. 

In Table 1, tho entJy ·~wet dip" represents a pro~s of submerging the subsnte in liquid 

hydrofluoric aeid. Although wet cleaning ls undesirable because it exposes the substrate to 

contammation from the ambient atm.ospher~ HF wet cleaning is eonside.red a reference to which 

otlw cleaning m=thods are compared. 

In Table 1, the entiy "NF3', represents a plasma cleaning process ped"onued in the chamber 

shovvn in Figure 3, using a gas supply of 10% NF3 ad 90% He, at a. flow rate of SO seem. The 

chamber pressure was 50 mT, the~ power to the induction coil was 300 watts at a frequency of 

2 MHz. and the :RF power to the susceptor (l:>ias power) was 300 watts at a frequency of 13:56. 

MHz. The process was pedormed for 60 seconds. 

J'.'he .entry "Ar sputter'' represents an argon sputter cleaning process to remove fluorln~ 

residu~-remaining from the NF3/He plasma i:leaning process. Argon gas was supplied to a plasma 
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chamber at a flow rate of S seem. The chamber pres5Ul'e was 0.6 mT; the RF power to the induction 

c;:oil ~d to ihe a~oeptor was 100 watt& each at 2 MHz and 13_.56 MHz, reSpective1y; and the 

process was performed for 60 soconds. 

The entry ''H2" represents our hydrogen-containing plasma process for scavenging fluorine 

residue remaining from the NF3/l-le plasma cleaning process. Using the chamber shown in Figure 3, 

the gas supply was 5% H2 and 95% He at a flow rate of 100 seem. The chamber pressure was 

80 mT; the RF power to the induction coil and to the susceptor was 300 watts each at 2 MHz and_~ 

13 .56 MHz, respeotl-vely; and the pr~s was performed for GO seconds. 

Table 1 -Sheet Resistance After Different Cleaning-Methods and Anneal Temperatl.u'C6 

Cleanmg Method 600. c Anneal 675" c Anneal 

1. NF3 then Hi (Our Invention) 33 20 

2. None 101 34 

3_. NF3 only 123 31 

4. NF 3 then Ar sputter 91 19.S 
. 

5. HF Wet Dip 37 30 

The worst results (highest sheet resistance) were produ=d when. the native oxide was not 

cleaned at all and when the native oxide was cleaned only with the NF3 plasma step, without any 

subsequent step to remove fluorine residue. When the annealing was performed at 675. C, 1he 

results were equally good with either argon aputterhig or hydrogen plasma scavenging after the NF3 

plasma cleaning. However. when the amiea.ling was perfonned at 600° C, the process of our 

invention, using hydrogen plasma to scaveuge fluorine residue, resulted in a sheet resistance (3 3 . . 
ohms/sq~) almost three times better than the argon sputtering process to remove the tluorine 

residue. Fw:th=mot01 our process ~suited in a. sheet resistance after 600" C armealing that was 
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almost as good as the resistance after 675• C annealing. 

These test results show that our pt~ bas at lca&t tmec advantages over the oilier 

processes tested. One advantage is that our process reduces the electrical resistance between the 

refraetory metal and the und&'lying semiconductor. 

A second advantage is that our process enables the annealing to be performed at a lower 

texnperature with only a minor sacrifice in resistance of the contact. In many applications, the abili~ 

to reduce the annealing temperature is valuable to minimize diffusion of metal atoms int.a the . ·--

dieleotxic side walls of the cont.a.ct. 

A thh-d advantage is that our process achieves electrloal resistance as low or lower than argon 

sputtering. thereby elimicatfug the need to subject 1he dieleetric to the risk of damage due to 

sputtering by heaving atom8 such as argon. In fact. to avoid such sputtering damage to the dielecttiCa 

we ptefer that the gas mixtures used on our process exclude BCl3, argon, and any compound of any .. 
element haVing an atomic mass greater than the atomic mass of argon . 

.. 
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CLAIMS 

1. A method of cleanin~ a contact area of a metal or semiconductor region on a. semiconductor 

workpiece, comprising the steps of: 

providing a semiconductor worlcpiece tha.t inoludcs at least one region of metal or 

semiconductor materlsl having an exposed eontaot Uta! 

·exoos~ the workpiece to a first s.tmDsphere produced by pla~ decomposition of a fir~t ... 
gas mixture that includes a fluorine-conta.iniru? 2as; and 

subsequent to the step of CXPOSlng the workpiece to the first atmosnhere, exposing the 

workpi~ to a. second atmosohere that sca~enizes :fluorine. 

2. A method of cleaning a contact area of a metal or semicondu.etor r:egion on a semiconductor 

wotkpiece, c0mprlsing the steps of: 

providlllg a semiconductor workpiece that includes at least one region of metal or 

·semiconductor material ba.ving an exposed contact area; 

exposing the ~orkpicce to a. firat a1mosphere produced by plasma decomposition of a first 

gas mixture that includes a fluorino-containing gas; and 

subsequent to the step of exposing the workpiece to the first atmosphere, exposing the 

workpiece to a second atmosphere produced by plasma. decomposition of a. second gas mixture that 

includes a hydrogen-coi1taining gas. 

3. A method according to claim 2, wherein; 

the step of exposing the workpiece to the second atmosphere is continued long enough to 

remove substantially all fluorioe from said contact area. 

4. A. method ~ccording to claim 2, wherein the hydrogen-containing gas is H2• 

5. A method according to claim 2, wherein the second Po' mixture :further includes helium. 
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6. A method according to claim 2, wherein the second gas mixture consists essentially of H2 and 

helium gas. 

7. A method according to claim 2, wherein: 

the step of exposing the workpiece to the first atmosphere is continued long enough to 

remove substantially all native oxide from said cont.act area. · 

8. A method according to claim 2, wherein the first gas mixture does not include argon. 
. -.... 

9. A method aocording to claim 2. wherein the first gas mixt1tte does not include BC13, argon, or any 

compound of any element having an atomic mass greater than ~e atomic mass of argon. 

1 O. A method according to claim 2, wherein the first gas mixtul'e includes at lea.st one gas selected 

from NF3, ~F6 and SF<;. 

11.-A method accorclillg to claim 2, wherein the first gas mixture fUrther includes helium. 

12. A method &ccording to claim 2, wherein the metal or semiconductor material. is titanium. 

13. A method according to claim 2, wherein the metal or semiconductor material is silicon. 

14. A method of depositing a metal over a contact area of a semiconductor region on a workpiece, 

comprising the steps of: 

pro'Viding a workpiece that includee at least one region of semiconduet.or material ha.ving an 
exposed contact m-ea; 

expo~iDg the workpiece to a first atm.osphere produced by plasma decomposition of a first 

gas~ _that includes a fiuqrine·contami:og gas; 

.subsequent to the step of expos~ th~ workpiece to the fi~ atmospber~ e~sing the 
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workpiece to a second atm.osphere that scavenges fluorine; and 

depositing said me~ over the c.gntact area. 

1 S. J.:. method of depositing a metal over a contact area of a semiconductor region on a workpiece, 

cQmprising the steps of: 

providing a workpiece that includes at least one region of semiconductor material having an 

exposed contact area; .... 
exposmg the workpiece to a. first atmosphere produced by plasma. decomposition of a ~ 

gas mixture that includes a fluorlne-co:otainiug gas; 

subsequent to the Step of exposing the workpiece to. the fust atmosphere, exposing the 

workpiece to a second atmosphere produced by plasma decomposition of a second gas mixture that 

i~cludeg a hydrogen-containing gas; and 

depositing said metal over the contact area. 

16. A method according to claim IS, further comprising the step of: 

annealiDg the substrate at a tempeiature and duration sufficient to interd.iffuse atoms of the 

semiconductor material and the metal; 

wherein the metal is a refractocy metal. 

17. A method according to clahJ:t 16. wherein said temperature Is less than 67S" C. 

18. A method accor~g to claim 16, wherein said temperature is less th.an or equal to 600" C. 

i9. A method according to claim lS. wherein the metal is titanium. 

20. A method acconting to claim 1 S, wherein the semiconductor material is silicon. 
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21. A method according to claim IS, wherein: 

the step of exposing the workpiece to the second atmosphere is continued long enough to 

remove substantially all fluorine froxn said eontact area. 

22. A method aceordizJg to claim 15, wherein the hydrogen-containing gas is H2. 

23. A method according to clainl 1 S, wherein the second gas mixtuxe further includes helium. . ~ 

24. A method according to claim 15, wherein the second gas mixture consists essentially of H2 and 

helium gas. 

25. A method according to claim 15, where.in the first gas mixrure· does not include argon. 

26. A method according to claim 15, wherein the first gas mixture does not include BC13, argon, or 

any compound of 8IJ;'/ element havmg an atomic mass greater than the atomic mass of argon. 

27. A method accordiDg to claim 15, wherein: .. · 

the step of exposing the workpiece to the first atmosphere is continued long enough to 

remove substantially all native oxide from said contact area. 

28. A method according to claim 15, wherein the first gas mixture includei at least one gas selected 

from l'i"'F3, ~Fe; and SP6· 

29. A method according to claim lS, wherein dUJ first gu mixture further includes helium. 
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