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ACCELERATED PLASMA CLEAN 

BACKGROUND OF THE INVENTION 

The present invention relates to substrate processing. Specifically, the 

present invention relates to an apparatus and method for cleaning a processing chamber in 

a substrate processing system which reduces the time required to complete a dry-clean 

technique by increasing the flow-rate of cleaning gases therein. 

One of the primary steps in the fabrication of modem semiconductor 

devices is the fomlation of a layer, su.oh as a metal silicide layer like tungsten silicide 

(WSix). on a substrate or wafer. As is well mown. such a. layer can be deposited by 

chemical vapor deposition (CVD). In a conventional thermal CVD process, reactive 

gases are supplied to the substrate swface where heat-induced chemical reactions take 

place to form the desired fihn. In a conventional plasma-enhanced CVD (PECVD) 

process, a controlled plasma is foltiled using radio frequency (RF) energy or microwave 

q·,.,.~ to decv~~( .. ., .... ,:md.1~!" energize. reactiv!: ~cies io. ~eactant gas~ :::. :~t,Jduce the 

desired'film. 

One problem that arises during such CVD processes is that unwanted 

deposition occurs in the processing chamber and leads to potentially high maintenance 

costs. With CVD of a desired fihn on a wafer, undesired film deposition can occur on 

any hot surface including the beatec or process kit parts otthe apparatus, because the 

reactive gases can diffuse everywhere in the processing chamber1 even within oracles and 

around comers. During subsequent wafer depositions, this excess growth on the heater 

and/or other parts of the apparatus will accelerate until a. continuous metal silicide film is 

grown on the heater and/or these other parts. Over time. failure to clean the i·esidue ftorn 

the CVD apparatus often results in degra~ unreliable processes and defective wafers. 

When excess deposition starts to interfere with the CVD system's performance, the healer 

and other process kit parts (such as the shadow nng ~d gas distribution faceplate) can be 

removed and replaced to r~move unwanted accwnulations in the CVD systea'l. 

Depending on wnioh and how many parts need replacing and the frequency Qf the 

replacement, the cost of maintaining the substrate processing system can become very 

. high. .. 
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ill these CVD processes, a. reactive plasn1a cleaning is regularly perfom1ed 

to remove the unwanted deposition material from the processing chamber walls, heater, 

and other process kit parts of the processing chafhber. Commonly perfonncd between 

deposition st.eps for every wafer or wery ll wafers. a reactive plasma cleaning procedure 

that is performed as a standard processing chamber operation where the etching gas is 

used to remove or etch the unwanted deposited material. One reactive plasma cleaning 

procedure is performed in situ in the processing chamber promotes excitation and/or 

disassociation of the reactant gases by the application of RF energy with capacitively 

coupled electrodes disposed in the processing chamber. The plasma creates a highly 

teactive species that reacts with and etches away the unwanted deposition material 

present in the ptoce5sing chamber. 

In addition to such in situ plasma cleaning procedures and occurring mr 
less frequently, a second cleaning procedure involves opening the processing chamber 

and physically wiping the entire reactor - including the processing chamber walls. 

-· exhaust and other ateas baviog accumulated residue - with a special cloth and cleaning 

liquids. This cleaning procedure is commonly referred to as a. wet c.lean. due to the 

li•-t.utds·emplO)''ed. P:ailure co periodioany wet clean a C.."\-U sp11aratus res.nils in 
~ 

accumtilati ou of impurities that can migrate onto the wafer and cause device damage. 

Thus, properly cleaning a CVD apparatus is important for the smooth operation of 

~te p~ing, improved device yield aud better p-roduct performance. However, 

the cleaning pr~cedures reduce the availabillty of a. sy:;tem for manufacture due to the 

down-time required to complete the procedures. 

As an altemative to in situ plasma cleaning, a remote plasma cleaning 

procedure may be en1ployed. To that end, a processing chamber is connected to a remote 

microwave plasma system. The remote microwave plasma cleaning procedure reduces 

the time required to clean the processing chamber. The high breakdown ~fficieney 

associated with a microwave plasma provides a higher etch rate (on the order of about 2 

µnlfmin), compared to the etch rate of a capacitive Rf plasma. 

To further increase the etch rate of unwanted deposition materials, 

improved reactive plasmo. generators have been developed which provide an incroa.scd. 

flow of reactive radicals into a processing chamber. One $Uch reactive plasma generator 

is sold under the trademark ASTRON by Applied Science and Technology, Inc. of 35 

Cabot.Road, Woburn, M:?s~ach!-lsetts 01801-10~3 .. A ~e~criptiQn ~fthe Astr~n i~ l~c~t~ 
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at rhe following Internet address http://www.astcx.com/astron.htm. The Astron is a self­

c0ntaincd atomic fluorine generator which uses a low-field toroidal pJasmi. to dissociate a 

gas flow introduc;ed into the plasma. 

What is needed, however. is a reactive plasma cleaning procedure which 

further reduces the time required to clean a processing chamber, as compared to the prior 

art. 

SUMMARY OF THE INVENTION 

The present invantion provides a method and apparatus that reduces the 

time required to clean a processing chamber employing a reactive plasma cleaning 

technique. The present .invention does so by employing an Astron fluorine 5owve 

generator which is in fluid communication with a processing chamber and a supply of 

fluorine source gas and a supply ofinert source gas. In one embodiment of the present 

invention, a plasma is formed in the Astron from a fiow of substantially pure inert source 

gas. After fonnation o( the plasma, a flow of a fluorine source gas is introduced therein 

.;uol:i.that the ,fluorine $0UTCe flow accelerates at a !"ate no greater tb&"l l .67 andaiid:cubk: 

centimeters per second2 (scc/s2
). In this fashion, the plasma contains a plw-ality of 

r.ldleals and dissociated inert-source gas atoms, defining a cleaning mixture. Fotming the 

plasma iIJ the abseJice of a fluorine source gas flow 011ercom.es a previously unrecognized 

problem. Specifically, it was found that flowing a great amount of fluorine source gas 

into the ASTRON reactive plasma generator would ·quench the plasma. As a result. the 

inert .. sourco gas and tluorinc source are flowed into the Astron to ensure that the xatio of . 
the foimer to the latter is greater than 1 :1 Specifically> it is believed that the sudden 

dissociation of the fluorine souroe gas atoms causes a pressure spike. By slowly 

accelerating a flow o~ fluorine source gas into the plasm.a while ensuring that the 

aforementioned ratio is satisfied, tllis problem is overc:ome. 

Furthermore, a maximum etch rate is achieved by ensuring that tho ratio of 

inert source gas to fluorine source gas is greater than l: l. To that end, flow of the 

fluorine source introduced into the plasma accelerates Uiltil reaching a steady rate which 

is typically not less than 8.33 sccls. and the inert source gas is flowed into the Asll"on 

reactive plasma generator at a fitst rate~ typically not less than 13.33 scc/s. Preferably, 

ho.wever, the .fir.'ilt.ra~e and the steady rate are establish~ so ~a~ the rati.9 ofinert-soW"ce . .. -.· .. -
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gas to fluorine solll"Cc in the cleaning mixture is approximately 3:2. The cleaning mixture 

is then ii.owed from the Astron fluorine source generator to the processing chamber where 

it reacts with undesired contatnination present tlietein. Typically. the fluorine source is 

sele.cted from a group comisting ofNF3• dilute F2, CF4, C2F6. C3Fs. SF6. and ClF3, and 

the inert-soun;ei gas is argon. lt is prefo~ however~ that the fluorine source is NP3. 

In ao.othet embodiment of the present invention, the a.ccelera.tion of the 

fluorine-source gas into the Astron is not critically controlled. Rather, the plasma is 

formed in the absence of a fluorine-source gu, by Bowing the ined source gas into the 

Astron at a. flow rate of approximately 16.67 sccls. After formation of the plasma, the 

fluorine source gas is flowed into the Astr'On at a rate of approximately 13.33 sccls. After 

allowing 6tabilization of the plasma for approximately two to five seconds, the flow rate 

ofboth the fluorine source gas and the inert source gas are rapidly in.creased to 36.()7 

sects and 25.00 scc/s, always ensuring that the ratio of inert-source gas to fluorine source 

gas is greater than l ~ l. 

These and other embodiments of the pl'l'sent invention, as well as its 

advantages and features, are described iu more detail in conjunction with the text below 

and at;tar.be"'.l figures. 

BRIBF DESCRIPTION OF nm DRAWINGS 

Figs. lA and lB are vertical, cross-sectional views of one embodiment of 

an excmplazy substrate proces.4iing apparatua, such as a CVD appaxa1Us, which may be 

used in accordance with the present invention; 

Figs. \C and 10 are explodedpm-spective views of parts of the CVD 

processing chamber depicted in Fig. l A; 

Fig. 1 B is a shnplified diagram of a. system monitor and CVD system l 0 in 

a system which may include one or more proees,sing chambers; 

Fig. l F shows an illustrative block diagram of the hierarchical control 

stmcture of the system control software, according to .a specific embodiment; 

Fig. 2 is a simplified plan view of a remote microwave plasma. source 

cleaning apparatus in accordance with the> present invention; 

Fig. 3 is a flowchart illustrating lhe steps for performing a remote 

microwave plasJ;Ita cleaning pr9cedure hl accordaµce '1;'.ith the pres1?11t invention; . 
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Fig. 4 is a flowchart illustrating tlie steps for perfomrlng a remote 

microwave plasma cleaning procedure in accordance with another embodiment of the 

present invention; 

Fig. 5 is a simplified plan view of a hazardous air poUutnlts (HAPS) 

measureinent syslem connected to the substrate processing apparatus shown iu Figs. l A .. 
and lB; 

Fig. 6 is a graph showing the make-up of the ouq>ut gases from a substrate 

processing apparatus in accordance with the present invention9 and 

Fig. 7 is a graph $howing the make-up of the output gases from a prior art 

substrate processing apparatus. 

DETAILED DESCRIPTION OF THE SPBCrFIC EMBODIMENTS 

I. Exemplary CVD Svstem 

Specific embodiments of the present invention may be m;ed with or 

retrofitted onto a variety of chemical vapor deposition (CVD) or other types of substrate 

proc~ssjng apparatus. One·suitable substrate processing apparatus with whiCh the present . 

inveotion can be used or retrofitted is shown in Figs. lA and IB, which are vertical. 

cross-sectional views of a CVD system l 0, having a vacuum or processing chamber 15 

that includes a processin_g chamber wall 1 Sa and processing c~er lid assembJy l ?.b: 
Processing chamber wall 15a and processing challlber lid assombly lSb are shown in 

exploded. perspective vi11:1ws in Figs. l C and ID. 

Referring to Figs. lA, lB. IC and 10, CVD system 10 contains a gas 

distn'bution manifold 11 Cor dispecsing process gases to a substrate (not shown) that rests 

on a resistively-heated pedestal 12 centered within the processing ob.amber. During 

processing, the substrate (e.g" a semiconductor wafer) is positioned on a flat (or slightly 

convex) surface t2a of pedestal 12. Prcfetably having a surface of ceramic such as 

alutninum nitride, pedestal 12 can be moved controllably between a lower loading/off­

loading position (depicted in Fig. 1 A) and an upper processing 'Position (indicated by 

dashed line 14 in Fig. lA and shown in Fig. lB), which is closely adjacent to manifold 

11. A cenlerboard (not shown) includes sensors for providing infom1ation on the position 

of the wafers. 
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Deposition and canicr gases arc introduced into processing ch2lll.ber 15 

through perforated holes l3b (Fig. 1 D) of a conventional flat, circular gas distribution 

face plate 13a. Mor~ specifically, deposition process gases flow (indicated by arrow 40 in 

Fig. lB) into the processing chamber through the inlet manifold 11, through a 

conventional perforated blocker plate 42 and then through holes 13b in gas distribution 

faceplate l3a 

Before teaching the manifold. depoisition and carrier gases are input fro1n 

gas sources 7 through gas supply lines 8 (Fig. lB) into a gas mixing block or system 9 

where they are combined and then sent to manifold IL It is also possible, and desirable 

in some instances. to direct deposition and carrier gases directly from supply lines 8 to 

manifold 11. In such a case, gas mixing system 9 is bypassed. In other situations, any of 

gas lines 8 may byPass gas mixing system 9 and introduce gases through passages (not 

shown) in the bottom of processing chamber 15. As shown in Fig. lB. there a1re three gas 

supply lines 8 in a speeifio embodin1ent to deposi~ for example, WSix. & first line 8a 

supplies a. silicon·contai.ning gas (c.g» dichlorosilane (SiH2C12) referred to as "DCS11 from 

a DCS soUI"Ce frotn gas source 7a) inw gas mixing system 9. while a second line Sb 

supplies a tungsten-containing gas (e.g . ., tu~en hexat1uoride (WF6)·from a ·'WF,, source 

from gas source 7b) into gas mixing system 9. For each line Sa ind 8b, a carrier gas (e.g., 

argon from argon sources in gas sources 7a and 7b) can be supplied with the process to 

stabilize gas flows as app~opriate and: to even th~ gas flow between: t\1~ two lines into . 

mixing system 9. Such mixing ofg~es (DCS and WF6) upstream of processing chamber 

15 is believed to result in more uniform gas distribution into the processing chamber, 

thereby resulting in greater unifonnity in the deposited WSix film. A third supply line 8c 

introduces an inert-sourcep\1IgC gas (e.g., argon from a gas source 7c) from the bottom of 

the processing chamber to keep deposition gases away from the area of' the processing 

chamber below pedestal 12. 17:1 some preferred embodiments, an additional silicon source 

(e.g., silane (Sitt.) from sonrce 7a may be supplied to gas line Sa. 

Generally, the supply line for each process gas inc;ludes (i) several safety 

shut-offvalve;.'S (not shown) that ean be used to automatically or manually shut off the 

flow of process gas into the processing chamber, and (ii) mass flow controllers (MFCs) 

(also not shown} that measure the· flow of gas through the supply line. When to~ic gases 

are used in the process, the several safety shut-off valves are positioned on each gas 

supply .line in, convenqonal configurations. . . , . 

This Sheet Has Been Replaced 
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The deposition prcicess performed in tbe CVD system 10 can be either a 

thermal process or a plasma-enhanced process. In a plasma-enhanced process, an RF 
power supply 44 applies electrical power betwee1i:the gas distribution faceplate 13a and 

pedestal 12 to excite the process gas mixture to Conn a plasma witllln the cylindrical 

region between the faceplate ]3a and pedestal 12. (This regioo will be referred to herein 

as the "reaction region"). Constituents of the plasma react to deposit a desired fihn on the 

surface of the semiconductor wafer supported on pedestal 12. RF power supply 44 can be 

a mixed frequency RF power supply that typically supplies power at a high RF frequency 

(RFI) of 13.56 Megahertz (MHz) and at a low RF frequency (RF2) of360 kilohertz 

(kHz) to enhance the decomposition of reactive species in.tioduced :nto the processing 

chamber 15. Of course_ RF power supply 44 can supply either single- or mixed­

ftequeaey RF power {or other desired variations) to m.wfold 11 to eahanee the 

decomposition of reactive species introduced into processing chamber 15. In a thennal 

process, RF power supply 44 is not utilized, and the process gas mixture thennally reacts 

to deposit the desired film on the surface of the semiconductor wafer supported on 

pedestal \2, which is resistively heated to provide the thermal en«gy needed foT the 

reac~on. 

During a plasma-enhanced deposition process, the plasma heats the entire 

CVD system, including the walls of the processing chamber body 15a :surrounding the 

exhaust pas~geway 2;3 :ind the shut-off valve 24. Dnring a thermal depo.sition proc_es~ 

heated pedestal 12 causes heating of CVD system. When the plasma is not turned on, or 

during a the.anal &sposition process, a bot liquid is circulated through the walls 15a of 

CVD system to maintain the processing chamber at an elevated temperature. Fluids used 

to heat the processing chamber walls 1 Sa include the typical fluid types, i.e., water-based 

ethylene glycol or oil-bas~ tl\ennal transfer fluids. This heating beneficially reduces oc 

eliminates condensation of undesirable reactant prodo.clS and improves the elimination of 

volatile products of the process gases ahd contaminants that might otherwi5e condense on 

the walls of cool vacuum passages and migrate back into the processing chamber during 

periods of no gas flow. 

11'1.e remainder of the gas mixture that is not deposited in a layer, including 

reaction products, is evacuated from the processing chamber by a vacuum p\.U'ttp (not 

shown). Specifically, the gases are exhausted through an annular slot-shaped orifice 16 

SUirO~~ng ~.e reac~_on re~on ~int<? an anq.u~~ ~ust plenum ~1: T~ annul~r slot 

This Sheet Has Been Replaced 
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16 and the plenum 1 7 are defined by the gap between the top of the processing chamber's 

cyfo1drica1 side wall 1 Sa {including th~ upper dielectric lining 19 on the wall) and the 

bottom·ofthe circular processing chamber Jid 20. ·The 360° circular symmetry and 

uniformity of the slot orifice 16 and the plenum 17 are important to achieving a uniform 

flow of process gases over the wafer to deposit a uniform film on the wafer. 

The gases flow underneath a lateral extension portion 21 of the exhaust 

plenum 17, past a viewing port (not shown). through a downward-extending gas passage 

23, past a V-c1Cumt1 shut·off vaJvc 24 (whose body is integrated with the lower processing 

chamberwall lSa), and into the exhaust outlet 25 that-connects to the extemal vacuum 

pump (not showu) through a foreline (also not shown) • 

. The wafer supporl platte1"0£resi.stively-heated pedestal 12 is heated using 

an embedded. single-loop heater element oonfi.gured to make two full turns in the form of 

parallel concentric cireles. An outer portion of the beater element Nus adjacent to a 

perimeter of the support platter. while an inner portion runs on the path of a concentric 

circle having a smaller radius. The wiring to the heater element passes through the stem 

of pedestal 12. Pedestal 12 may be made ofmaterfal including alwninum, ceramic, or 

som~ C()mbinaticm t11ereof. 

Typically. any or all of the processing chamber lining~ gas inlet manifold 

faceplate, and various other reactor hardware are made out of material such as aluxninum. 

anodized aluminum. ~r ceramic. An example of~~ CVD apparatus is described in 

commonly assigned U.S. Patent 5,558,717 entilled "CVD Processing Chamber;· issued to 

Zhao et al., hereby incoqiorated by reference in its entirety. 

A lift mechanism aud n1otor 32 (Fig. 1 A) raises and lowers the heater 

pedestal assembly 12 and its wafer lift pins l?b as wafers are transferred by a robot blade 

(not shown) into and out of the body of the processing chamber through an 

insertion/removal opening 26 in the side of the processing chamber 10. The motor 32 

raises and lowers pedestal 12 between a processiug position 14 and a. lower wafer-loading 

position. The motor, valves oi:- flow controllers eoMected to the supply lines 8, gas 

delivery system, throttle valve, RP power supply 44, processing chamber and substrate 

heating systems are all controlled by a system controller 34 (Fig. 1B) over control lines 

36, of which only some are shown. Controller 34 relies on feedback from optical sensors 

·to detennine the position of movable mecbanjcal assemblies such as the throttle valve and 

pedes.t~l which are moved by appropriate motors controll~ by controller 34. . .. 

This Sheet Has Been Replaced 
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In a preferred embodiment, the sy;;tom controller includes a. hard disk drive 

{memory 38), a floppy disk drive and a processor 37. The processor contains asingle­

boani comp11ter (SBC), analog and digital inputfoutput boards, interface boards and 

stepper motor controller boards. Various parts of CVD system 10 conform to the Versa 

Modular European (VME) standard which defines board, card cage., and connector 

dimensions aud types. The VME standard also defines the bus structure as having a 16-

bit data bus and a 24-bit address bus. 

System controller 34 controls all of the aclivitics of the CVD machine. 

The system controller executes system control software, which is a compute:r program 

stored in a ~ompu.ter-readablo mediun1 such as a meruozy ~ 8. Preferably, memory 38 is a 

hard disk drive, but memory 38 may also be otber kinds of mcmozy. The computer 

program includes sets ofinstructions that dictate the timing, miXture of gases. chamber 

pressure, chambel' temperatW'e, RF power levels, pedestal position, and other parameters 

of a particular process. Other computer programs stored on other memory devices 

including, for example, a floppy disk or other another appropriate drive. may also be used 

to operate controller 34. 

The interface between a. user and ~ontrcller 34 is_ via a CRT iuoni.tor SQa 

and light pen SOb, shown in Fig. 1E. which is a simplified diagram of the system monitor 

and CVD system l 0 in a substrate processing system, which may include one or more 

processing chambers. In the preferred embodiment two monitors ~Oa axe u.sed.-one · · 

mounted in the clean room wall for the operators and the other. behind the wall for the 

service technicians. The monitors 50a simultaneously display the same information, but 

only one light pen SOb is enabled. A Light sensor in the tip of light pl!ln SOb detects light 

emitted by CRT display. To select a particular screen or function, the operator touches a 

deaignated area of the display screen and pushes the button on the pen 50b. The touched 

area changes its highlighted color, or a new menu or screen is displayed, con.firming 

communication between the light pen and the display scteen. Other devices. such as a 

keyboard, mouse, or other pointing or com.m\lllication device, may be used instead 9f or 

in addition to light pen 50b to allow the user to communicate with controller 34. 

The process for depositing the film can be implemented using a computer 

program product that includes computer cQdc::: to be executed by controller 34. The 

computer code can be written in any conventional coinputer readable programming 

language: for ex.ample, 68000. assem.bly latiguage. C, C++, Pascal, Fortran or others .. 
I • • • •. I • o 



10 

Suitable program code is entered into a single fi.Je. or multiple files, using a conventional 

text editor and is stored or embodied in a computer-usable medium, such as a memoty 

system of the computer. If the entered comput~i'dode i::; associated with a. high level 

language, the computer code is compiled, and the resultant compiler code is then linked 

with an object code of precompiled Windows™ library .routines. To execute the linked, 

compiled object code., the system w:ez- invokes the object code ea.using the computer 

system to load the code in memocy. The CPU then reads aad executes the code to 

perform the tasb identified in the program. 

Fig. lF is an illustrative block diagram cifthe hierarchical control structure 

of the system control software, computer program 70i according to a specific 

embodimmt. Using the light pen interface, a user enters a process set number and 

processing chamber numberi; into a process selector subroutine 73 in response t.o menus 

or screens displayed on the CRT monitor. The proce&S sets are predetermined sets of 

process parameters necessary to carry out specifiod processes, and are identified by 

predefined set numbers. The process selector subroutine 73 identifies (i) the desired 

processing eh.amber and (ii) the desired set of process parameters needed to operate the 

processing chamber for performing the desired process. The process parameters for 

performing a specific process relate to process conditions such as process gas 

composition and flow rates. temperature, pressure, plasma ~onditions such as microwave 

power levels or RF power levels and th~ low fcequency·RF ~en~y. cooling_g~ . 

pressure. and processing chamber wall temperature. These parameters are provided to the 

user in the !onn ofa recipe and are entered 11tili2ing the light pen/CRT monitor interface. 

The signals for monitoring the process are provided by the analog and 

digital input boards of the system controller, and the signalS. for contro Hing the process 

are output on the analog and digital output boards of CVD system 10. 

A process sequencer subroutine 75 comprises program code for accepting 

the identified processing chamber and set of process parameters from the process selector 

subroutine 73 and for controlling operation of the various processing chambers. Multiple 

users can enter process set numbers aJ:ld processing ch.amber uumbers, or a single user can 

. enter n1ultipte process set numbe1~ and pE"ocessing chamber numbers, so the sequencer 

subroutiue 75 operates to schedule the selected procesaeg in the d~ired sequence. 

Proferably, the sequencer subroutine 75 includes a program code to perform the steps of 
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(i) monitoriug the operation of the processing cltambeni to determine if the processing 

chambers are being used, (ii) determining wb.at procc5ses are being canied out in the 

processing chambers being used> and (iii) executing the desired process based on 

availability of a processing cha.rober and the type of process to be c;anied out. 

Conventional methods ofmorutoring the processing chambers can be used, such as 

polling. When scheduling which process is to be executed, sequencer subroutine 15 takes 

into consideration the present condition of the processing chamber being used in 

comparison with the desired procea& conditions for a selected process> or the ''age" of 

ea.ch particular user-entered request, or any other relevant factor a system prograxmMr 

desires to include for determining scheduling priorities. 

Once the sequencer subroutine 75 determines which processing chamber 

and process set combination is going to be executed next, the sequencer subroutine 75 

initiates execution of the process set by passing the particular process set parameters to a 

processing chamber manager subroutine T1a-c. which control.s multiple processing tasks 

in a processing chamber 15 according to tbe process set determined by the sequencer 

subroutine 75. For example, the processing chamber manager subroutine 77a comprises 

program code tor controlling sputtering and CVD process operations in the p:-ceessmg 

chamber 15. The processing chamber manager subroutine 77 also controls execution of 

V"ctrious processing chamber component subroutines that control operation of the 

processing chamber components necessary to c;,axcy out-the selected process set. . . .. .. 

Examples of processi.ilg chamber component subroutines are substrate positionllig 

subroutine 80, process gas control subroutine 83, pressure control subroutine 85, heater 

control subroutine 87, and plasn1a control subroutine 90. Those having ordiiwy skill in 

th.e art will readily recognize that other processing chamber control subroutines can be 

included depe11ding on what pro~aes are to be performed in the processing chamber lS. 

ln operation, the processing chamber mmager :subroutine 77a selectively schedules or 

calls the process component subroutines in accordance with the particular process set 

being executed. The processing chamber manager subroutine 77a schedules the process 

component subroutines much like the sequencer suliroutine 75 schedules which 

processing chamber 1 S and prot:ess sot are to be ex:ecuted next. Typically. the processing 

chamber manager subroutine 77a includes steps of monitoring the various processing 

chamber components, determining whicll components n~d to be operated based on the 

pro~ parameters far the pro~· set ~o be r-xecuteEl, and e:ausing ~ecuJion of a 

This Sheet Has Been Replaced 
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processing chamber component subroutine responsive to the monitoring and dctcxmining 

steps. 

Operation of particular processing .lihamber component subroutines will 

now be described with reference to Pig. lF. The substrate positioning subroutine 80 

comprises prognim. code for controlling processing chamber component.s that are used to 

load the substrate onto pedestal 12 and, optionally, to lift the substrate co a desired height 

in the processing c::han.1ber 15 to control the spacing between the substrate and the ga5 

distribution manifold l l. When a subsll'ate is loaded into the processing chamber 15, 

p~estal 12 is lowered to receive the substrat~ and thereafter, pedestal 12 is raised to the 

desired height in the processing chamber to ·.naintain the substrate at a first distance or 

spacing from the gas distribution manifold during the CVD process. In operation, the 

substrate positioning subroutine 80 controls movement of pedestal 12 in response to 

process s~t parameters related to the support height that are transferred from the 

processing chamber manager subroutine 77a. 

The proeoss gas control subroutine 83 has program oode for controlling 

process gas composition and flow rates. The process gas control subroutine 83 controls 

the op~close position of the safety shut-off '\ralves. and also ramps the tnaSS flow 

controllers up or down to obtain the desired gas flow rute. The process gas control 

subroutine 83 is invoked by the processing chamber manager subroutine 77a., as are all 

processing c~ber component subroutines. and receives fro~ the.processing chamber 

manager subroutine process parameters related to the desired gas flow rates. Typically, 

lb.e process gas control subroutine 83 operates by opening the gas supply lines and 

repeatedly (i} reading the requisite mass flow controllers, (ii) comparing the readings to 

the desired flow rates received from the processing chamber manager subroutine 77a, and 

(iii) adjusting the fiow rate~ of the gas supply lines as 11ecessacy. Furthe1D1ore, the 

process gas control subroutine 83 includes steps for monitoring the gas flow rates for 

unsafe rates and for activating the safety shut-off valves when an unsafe condition is 

detected. 

In some processes, an inert-source gas such as helium or argon is flowed 

into the processing chamber l S to stabilize the pressure in the processing chamber bc;fore 

reactive process gases are introduced. For lh~e processes. the process gas control 

subroutine 83 is programmed to include steps for fiowing the inert-source gas into the 

proces~ing chamber 15 for ~ amount. of time nccessacy t.o stabilize the prcssµr~ in the 
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processing chamber, and then the steps described above are carried out. Additionally, if a 

process gas is to be vaporized from a liquid precursor, for example, tetraethylorthosilicate 

("TEOS"), the process gas control subroutine 83.is-written to include steps for bubbling a 

deliveey gas, such as helium, through the liquid precursor in a bubbler assembly or 

introducing a carrier gas, such as l1elium or nitrogen, to a liquid injection system. When a 

bubbler is used for this type of process, the process gas conltol subroutine 83 regulates 

· the tlow of the delivery- gas, the pressure in the bubbler, and the bubbler teoiperature in 

order to obtain the desired process gas flow mtes. As discussed above, the desired 

process gas flow rates are transferred to the process gas control subroutine 83 as process 

11aramcters. Furthermore, the process go1s control subroutine 83 includes steps for 

obtaining the necessary delivery gas flow rate, bubbler pressure; and bubbler temperature 

for the desired process gas flow rate by accessing a sto1-cd table cootaining the required 

values for a given process gas flow rate. Once the required values are obtained, the 

delivery gas flow rate, bubbler pressure and bubbler temperature are monitored, 

eompared to the required values and adjusted accordingly. 

The pressure control subioutine BS comprises program code for controlling 

the J?teSslU'e in the processing chamber 15 by regulating the siie of the opening of the 

throttle'valve in the exhaust system of the processing chamber. The size oftb.e opening 

of the throttle valve is set to control the processing chamber pressure to the desired level 

in relation to the total pro~ gas flow, size ofthe_processing chamber. and pumping set­

point pressure for the exhaust system. When the pressure control subroutine SS is 

invoked. the target pressure level is received as a parameter from the processing chamber 

manager subroutine 77a. The pressure control subroutine 85 measures the pressure in tlle 

processing chamber 15 by reading one or more conventional pressw-c manometers 

connected to the processing chamber, to compare the n1easured value(s) to the target 

pressure. to obta~ PID .(proportional. integral. and differential) values from a stored 

pressure table corresponding to the target pressure. and to adjust the throttle valve 

according, to the PIO values obtained from the pressure table. Alternatively, tbe pressure 

control subroutine BS c~ be written to open or close the throttle valv~ to a particular 

opc11ing size to regulate the processing chamber l S to the desil=ed presslU'e. 

The heater control subroutine 87 comprises program code foe controlling 

the current to a heating unit that is u.'ied to heat the substrate 20. The heater control 

. subroutiJ]e 87. is also invoked ·~Y the processing c~ber ~ag~ subroutine 7~.a and 
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reoei"/es a target, or set-point, temperature parameter. The heater control subroutine 87 

measures tho tetnperature by measuring voltage output of a theimocouple located iu a 
I 

pedestal 12, comparing the measured lemperatuieto the set-point temperature. and 

increasing or decreasing current applied to the heating unit to obtain the set-point 

temperature. The temperature is obtained rrOm the measured voltage by looking up the 

corresponding temperature in a stored conversion table or by calculating the temperature 

using a fourth-order polynomial When an einbedded loop is used to heat pedestal 12, the 

heater control &ubroutinc 87 gradually controls a ramp up/down of cUJI'ent applied to the 

loop. Additionally. a built-in fail-safe modo c;~ be included to d.etl:ct process safety 

compliance and can shut down o~cration of the heating unit if the processing chamber 1 S 

is not properly set up. 

The plasma control subroutine 90 comprises program code for setting the 

low and high frequency RF power levels applied to the process electrodes io the 

processing chamber 15 and fot setting the low frequency RF frequency employed. 

Plasma control subroutine 90 also includes program code for tuming ou and · 

setting/adjusting the power levels applied to the magnetron or other microwave source 

used in the pte5ent invention. Similarly to the previously described processing chamber 

contponent subroutines, the plasma con1?ol subroutine 90 is invoked by the processing 

chamber manager subroutino 77a. : 

'f4e above CV~ system d~cription is maiuly fo~ illustrative ~oses.-and . 

other equipment such as electron cyclotron resonance (ECR) plasma CVD devices. 

induction coupled RF high density plasma CVD devices, or the like znay be used with the 

present irtvention to provide upgraded apparatus. Additionally, variations of the above­

described system, such as variations in pedestal design, heater design, RF power 

frequenciesf location of RF power comections and others are possible. For example, the 

wafer could be supported and heated by quaro; lamps. It should be recognized that the 

present invention is not necessarily limited t~ use with or retrofitting of any specific 

apparatus. 

TT. Remote Plasma Cleaning Source 

As discussed above., unwante4 deposition may occur on any hot surface in 

the processing chamber 15, including the he~ter, process k'.it parts of the apparatus and the 

processing chamber walls~ To i:~move the uilwanted residue, a remote plasma s9urce. 300, . . 
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shown jn Fig. 2, is in fluid communication with the processing chamber IS~ a supply 304 

of a fluorine soun:e gas, such as nitrogen tri .. fiuoride (NF3), and a supply of a inert-source 

gas such as argon (Ar) or helium (He2). In tbis fashion, the fluorino source gas from 

supply 304 and tbs inen-source gas from supply 306 may be flowed, under vacuum from 

the processing chamber's pumping and exhaust system (not shown) into the plasma soqrce 

300 where a plasma is fomJed therefrom. The pli!Sma comprises a plurality of radicals 

formed from the fluorine source gas and dissociated atoms ftom ~ inert-source gas. Tlte 

aforementioned mixture of radicals and dissociated atoms defines a cleaning mixture. 

The cleaning mixture flows, under force of vacuum, .from the plasma source to the 

processing chamber 15. Upcn entering the. processing chamber 15, the fluorine radicals 

in the cleaning mixture react with the unwanted deposition present in the processing 

chamber 15. For example, were tungsten silicide present in the processing chanibe.r IS, 

and th~ processing chamber 15 and chamber components were manufactured from 

aluminum, the fluorine radicals would form WP6. SiF, and A1F3• 

In a preferred embodiment, the plasma source 300 is a self-contained 

atomic fluorine generator which uses a low-field toroidal plasma to dissociate a gas flow 

introduced into the plasma and is soJd by Applied Science and· Technology, -Inc. of' 35 

Cabot R.oad, Woburn, Massachusetts 01801-1053 wider the trademark Astron. The 

Astron provides a very high flow rate of fluorine radicals into the processing cbam.ber, 

· comP.ated to competing fluorine gencntors. The flow rate of the fluorin~ radicals is .. . . . . . . 
proportional t.o the etoh rate of unwanted deposition in the processing chamber 15. 

Therefore, employing the Astron to perform a reactive plasma cleaning procedure 

substantially reduces the time required to clean the processing cl1amber 15. 

A problem was encountered with the AstroD, however, in that rapidly 

increasing the volume of a fluorine sou roe gas in the Astron quenched tbe plasma; thus, 

limiting the tin1e reduction afforded by the Astron. A solutiou to the aforementioned 

problem is based upon the discovery that the quenching of the plasma was due to a 

pressure spike that resulted from flowing the fluorine source gas into the A.o;tron. Tue 

pressure spike is attributed to the dissociation of the multi-atoxn fluorine source into a 

great number of radicals that are present. for a fraction of a second, upon initiation of the: 

fluorine source into lhe plasma. It was found that by providing a ratio of the inert-source 

gas to the fluorine source gas present in the Astron in excess of 1: 1, the aforementioned 

pressure spike is avoided. and the plasma is not quenched:. i::o that ~ it is preferred that 
. . 
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the plasma is Conned in the Astron in the absenee of a flow of fluorine source gas, i.e., 

only a flow of inert-source gas is present in the Astron when the plasma is initially 

formed. Thereafter, a flow of the fluorine source gas is introduced. into the Astron and is 

accelerated at a rate of 1.67 scc/s2, while ensuring that.the afox-ementioned ratio is 

satisfied. Preferably the &w of fluorine source gas is aocclerated until reaching a steady 

rat~ with the rate of the argon and the steady rate of the fluorine so\lI'Qe gas being 

established so that the ratio of inert-sou.rce gas to flu.orine source gas is 3:2. 

Ref'eITing to Fig. 3 in an exemplary method of operating the Astron, the 

Astron is isolated from supply 304 at step 402. At step 404. argon is flowed into the 
Astron at a rate of 13.33 ·scc1s. At step 406, a plasma is fonne<i. At step 408 tlte fluorine 

source gas: is flowed into the Astron so that. in tho firat second of flowT the rate of the 

fluorine source gas is 1.67 sct'/s and is accelerated at constant Tate of 1.67 scc/s2 until 

reaching a steady rate of 8.33 scc/s at which time me acceleration of the flow is 

terminated. Thereafter, at step 410 the Bow rate of both the inertwsource gas and the 

fluorine source gas into the Astron are increasecl to approximately 25 scc/s and 15.83 

scc/s, respectively. The plasm.a consisting of 25 scc/s flow rate of inert-souroe gas and 

15.8~ scc/s flow rate of fluorine source gas defines a cleaning m.ix:hh-e.: · At step 412~ :;;;;~ · 

cleaning mixture is introduced into the processing chamber 15. 

Referring to Fig. 4, in another exempluy method according to the present 

· inventio1;1, the Astron is isolated from supply 30~ at step 502. At-step 504, atg0n is . . 
flowed into the Astron at a rate of 16.67 scc/s. At step 506, a plasma is foaned. At step 

SOB the Ouorine source gas is flowed into the Astron at a rate of 13.33 scc/s, and after two 

to five seconds of plasma Btabilization the flows of both the fluo1ine source gas and the 

inert source gas are rapidly increased, at step 510. Specifically, the fluorine source gas is 

flowed so that the rate increases to 2S .00 scc/s, and the inert source gas is flows so Chat 
the rate inc£eases to 36.67 scc/s. However, the ratio ofinert-sow-ce gas to fiuorine source 
gas is greater than I : l. 

Au Wlditional benefit of the present invention concerns the use of argon as 
the inert-source gas source. Speci Eically, it was fotmd that by employing the present 

invention, haznrdous air-pollutant soun:cs (ttAPS), such as fluorine, are reduced. To 

determine the quantity of HAPS produced during processing. measurement.s are made of 

gases e:x:iting the CVD system I 0 via the exhaust passageway 23. shown in Fig. IA by 

connec.ting a HAPS .measurement system 100 thereto. 
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As shown in Fig. S, the HAPS measilrement system 100 includ~ a 

sampling cylinder 102, one end of which is coruiected to the exhaust passageway 23, with 

the remaining end CQilllected to a building exhalist system (not shown). The sampling 

cylinder l 02 includes two spaccd·apan sampling ports 104a and 104b, with a UTI 

QualiTrace quadrupole mass spectrometer (QMS) system 1~ is in fluid coounuoication 

with the sampling cylinder 102. An abatement SY$tem 108 is also in fluid conununication 

with the sampling cylinder 102 and the exhaust passageway 23. The QMS system 106 

operates jn either a "static'' mode to collect a complete spec:tnnn over the entire 200arnu 

mass range, or a "dynamic" mode to monitor several different ions continuously as a 

function of time. :'he instrument is calibrated with a dynamic dilution system to 

accurately measure g~ standards right before each emission measurement to ensure 

precise quantification of the effiuents over a concentration tange spanuing over five 

orders of magnitude. The exhaust gas sample is continuously drawn tbroug11 tlle exhaust 

passageway 2.3 into the QMS system 106 via a puiup 11 O. The pressure in the QMS 

system 106 is maintained between 650 and 700 Torr via a throttle valve 112. Briefly, NF) 

flows through the remote plasma source 300 and decomposes into F and N atoms. The 

highJy reactive F atott1.s tben react with deposition residue. mainly Si02 to form gaseous 

emuents, SiF4 and 02. 

The second method of investigation utilizes the Fourier transfonned 

infrared (FTIR.) absorption spectroscopy -to identify the etnuent· species. from the · . . . ... 

processing chamber 15, qualitatively. The FfIR collects a single infrared interferogram 

of a static sample instead of m.onitoring a gas stream continuously over time. Aftet a 

comparison with the known spectrum of certain gases, the effluent species could be 

positively identified. This is a helpful for HF measurement, since the HF ion has a 

similar m.aSs-to-charge ratio as the doubly charged Ax ion. Therefore, FTIR is mainly 

used as a supplement to the QMS. which has the best resolution and sensitivity. 

Results of the aforementioned measurements are shown in Figs. 6 and 7. 

Fig. 6 shows an ROA analysis of gases produced by the present invention and Fig. 7 

shows an RGA analysis einploying a prior art remote plasma source genera.tor in place of 

the Astron nuorinator using the systcm described above. Based on the aforementioned 

measurements, it is realized that by employing the Aslron fluorinator. the HAPS produced 

are reduced by 50%. 
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Although the fluorine sow-ce gas· is described as being NF3 , any one of a 

variety of fluorine sources may be employed such as dilute P2J CF4, C2F6. C,F,, SF6, and 

CIF3. The scope of the invention should, therofo're; be determined not with reference to 

the above description, but should instead be detennincd with reference to the appended 

claims, along witli the full scope of equivalents to which such claims are entitled.. 
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WHAT IS CLAIMRP IS: 

1. A method of removing residue from a substrate processing system, 

said system having first and second chambers in"fiwd communication. smd method 

comprising_ steps: 

flowing, into said first chamber, an inert.source gas at a first rate; 

fotming a plasma from said inert-source gas; 

moving. into said plasma, a flow of a fluorine source gas at a second rate, 

thereby creating a plurality of teaetiv" radicals therefrom; 

increasing said second rate, with said plasma and said reactive radicals 

defining a cleaning mixture; and 

inwduclng said cleaning mixture into said second chamber. 

2. The method as recited in claim 1 wherein said increasing step 

includes increasing both said first and second rates. 

3. The method as recited in claim l wherein said increasing step 

includes accelerating said fluorine source at said predetermined rate, with ~d. 

predetermined rate being no greater than 1.67 standard cubic centimeters per second2• 

4. The method as recited in. claim l wherein said first rate is 16.67 

scc/s and said second rate is 13.33 scc/s. ·.· 

5. The method m; recited in claim I wherein said ilrst and second 

rates are established to maintai~ within said first chamber, a predefined ratio of said 

inert-source gas to said fluorine source gas. 

6. The method as recited in claim 1 wherein said fluorine source gas 

comprises the atoms associated with n reactive gas. with said reactive gas being 

selected from a group consistiug ofNF3, dilute F2, CP'4, C2F6, CJFa, SFc;, 

audClF3. 

7. The nlctlJod as recited in claim l wherein said inert-source gas 

includes argon. 
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8. Tie method as recited in claim 4 wherein said predetennincd ratio 

is greater than 1 : l . 

9. Tlf.c method as recited in clajm 4 wherein said predetennined ratio 

is gr.arer 1han 3:2. 

10. ~e method as recited in claim 5 Wherein said first rate is greater 

tban 13.33 standard cubi~ centimeters per second and said steady rate is greatel' thau 8.33 

standard cubic eentimetcts per second. 

11. A inetbod of removing residue from a substrate pro~essing 

chamber, said method cotnprising steps of: 

foaning a plasma from an inert-source gas; and 

acccleratiqg, into said plasma, a flow of a tluorine source gas at a 

predetennined acceleratiQn, thereby creating a plurality of reactive radicals therefrom, 

with said plasma and sai~ reactive radicals defining a cleaning mixture, with said cleaning 

mixtorc being disposed "'iithin said processing chamber. 

· 12. Th~ a:i=thoo as recited U.1 claim 11 wherein said predetermined 

acceleration is no greater than 1.67 standard cubic centimetetS per second2
• 

13. Th• method as recited in claim 12 wherein said fluorine source 

includes NF3 a11d s~id inett-source gas .includes argon. 

14. Tuq method as recited in claim 13 wherein said forming step 

occ\U"S before said flowinij step and said plasma. fotmed during said forming step, 

consists entirely of dissoclated argon atoms. 

15. Thq method as recited in claim 11 further including a plasma 

generator in fluid conunut\ication with said processiug chamber, wherein said Conning 

i;tep includes n1oving a fle>iW of argon into said plasma generator at a first rate with said 

first rate and said steady rate established to maintain, within said first chamber, a 

predefined ratio of said in+rt-source ga.<J to said fluorine source, with said predetermined 

ratio being greater than l: 1. 
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16. The method as recited in claim 15 wherein said .first rate is greater 

than 13.33 standard cubic centimeters per second and said flow rate is greater than 8.33 

standard cubic centimeters per second. 

17. The method as recited in claim 15 wherein said predetermined ratio 

js approximately J :2. 

18. A method of removing residue Crom a substrate processing system, 

said system having first and second chambers in fluid communication, said method 

comprising steps: 

flo~ into said first chamber, an inert~sourte gas at a first :rate; 

forming a plasma from. said inert-source gas; 

moving, into said plasm~ a flow of a. fiuorine source gas at a. second rate, 

thereby creating a plurality of reactive radicals thercfron1. with said fust and second ta.tes 

established to maiutai.Ii, within said first chamber,. a predefmed ratio or said inert-source 

gas to said fluorine source, with said predetennined ratio being greater than 1: l .; 

increasing both said first and second rates, with said plasma and said 

reactive radicals defming a cleaning mixture, While maintaining said ratio; and 

introducing said cleaning mixture into said second chamber. 

19. The method as recited in claini 18 wherein said increasing steps 

in.eludes increasing said first rate .to 16.67 scc/s and increasing said second rate to 13.33 . 
scc/s. 

20. The method as recited in claim 17 wherein said fluorine source gas 

comprises the atoms associated with a reactive gas, with said reactive gas being 

selected from a group consisting ofNF37 dilute F2, CF-h C2Fc;, C3'Fa1 .SPi!, 

andClf3. 

21. The method as recited in claim 17 wherein said inert-source gas 

includes argon. 

22. A device for removing residue from a substrate processing system, 

said system having first and second chambers in fluid communication1 said device 

con1prising: 

1iii1ii1ifl 
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means for flowing, in.to said tirst chalnber, an inert-source gas at a first 

rate; 

means for forming a. plasma f'rom said inert-source gas; 

means for moving, into said plasma; a flow of a fluorine source gas at a 

second rate,. thereby creating a plurality of reactive radicals. therefrom; 

means for increasing both said first and second rates, with said plasma and 

said reactive radicals defining a cleaning mixture; and 

means for introducing said cleaning mixture into said second chamber. 

23. The deposition device as recited in claim 22 wherein said inert-

source gas includes argon. 

24. The deposition device as recited in claim 23 wherein said fluorine 

source gas is selected from a group consisting ofNF3, dilute F27 CF4, C2F6' C3F1, SF6, and 

ClF3. 

25. A deposition device comprising: 

& processing chamber; 

a supply of inert-source gas; 

a supply of fluorine source gas; 

a plasma sourc~ in fluid communication with said supply of fluorine 

source gas and said supply of inert-source gas. to generate a plasma from 15aid inc:rt­

source gas, with said processing chamber being in fluid conununication with said plasma 

source; 

a pump system in fllLid commWl.ication with said plasma source, said 

supply of inert•souree gas. said supply of fluorine source gas and said processing 

chamber; 

a controller configured to regulate said pump system and said plasma 

source; 

a memory~ coupled to said controller, compriamg a computer-readable 

medium having a computer-readable program embodied therein for directing operation of 

said substrate processing system, said computer-readable program including a set of 

computer instntctious to be operated on by said controller to regulate the introduction of 

said radicals &om said plasma into said mixing manifold, said set of computer 

instructions including: 

I 
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a first subroutine to be operated on by said controller tel regulate said pump 

system to introduce said inert-source gas into said plasma source at a first 

rate; 

a second subroutine to regulate said-plasma saw:ce to form a plasma from 

said inert-source gas; and 

a third subroutine to accelerate a flow of said .fluorine source gas into said 

plasma souroa, S\lbsequent to said plasma being fom1ed, at a 

predetermined acceleration to reach a ate.ady t1ow rate. 

26. The device as recited in claim 25 wherein said predetermined 

acceleration is no greater than 1.67 standard cubic centimeters per second2• 

27. The device as recited in claim 26 wherein said fluorine source 

includes NF3 and said inert-source gas includes &Igon. 

28. The device as recjted in claim 25 said first and steady flow rates 

are established to maintain a predefined ratio of said inert-source gas to said fluorine 

source sas~ with said predetermined ratio being !,treater than l:l. 

29. The device as recited in claim 25 wherein said first rate is greater 

than 13 .33 standard cubic centimeters per second and said $teady flow rate is greater tllan 

8.33 standard cubic centimeters per second. 

30. The device as recited in claim 25 wherein said ptedetermined ratio 

is approximately 3:2. 


