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ARC DETECTION APPROACH 

RELATED PATENT DOCUMENTS 

[0001] This is a continuation of US. patent application 
Ser. No. 10/121,445, entitled “Apparatus and Method for 
ARC Detection” and ?led on Apr. 12, 2002, to Which 
priority is claimed under 35 U.S.C. §120. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to arc detection 
and, more particularly, to an arc detection approach involv 
ing plasma generation. 

BACKGROUND 

[0003] Sputtering deposition, such as Physical Vapor 
Deposition (PVD), is a process for depositing thin, highly 
uniform layers of a variety of materials onto many objects, 
for eXample depositing a metal layer over a substrate such as 
a Wafer used in forming integrated circuits (ICs). In a direct 
current (DC) sputtering process, the material to be deposited 
(target) and the substrate to accept the deposited material 
(Wafer) are placed in a special vacuum chamber. The 
vacuum chamber is evacuated and subsequently ?lled With 
an inert gas, such as argon, at loW pressure. 

[0004] The Wafer is electrically connected to the anode of 
a high voltage poWer supply, the anode being generally at or 
near earth potential. The Walls of the sputtering chamber are 
also placed at this potential. A target, typically formed of 
metal, is placed in the vacuum chamber and electrically 
connected to the cathode of the high voltage poWer supply. 
Alternately, the target is formed of an insulating material. An 
electric ?eld is generated betWeen the target (cathode) and 
an anode by the poWer supply. When a potential betWeen the 
anode and cathode reaches 200-400 volts, a gloW discharge 
is established in the inert gas in the superconducting region 
of the Well knoWn Paschen curve. 

[0005] When a gloW discharge operates in the supercon 
ducting region of the Paschen curve, valence electrons are 
torn from the gas and How toWard the anode (ground), While 
the resulting positively-charged ioniZed gas atoms (i.e., 
plasma) are accelerated across the potential of the electric 
?eld and impact the cathode (target) With suf?cient energy to 
cause molecules of the target material to be physically 
separated from the target, or “sputtered.” The ejected atoms 
travel virtually unimpeded through the loW pressure gas and 
plasma, some of Which land on the substrate and form a 
coating of target material on the substrate. The result, under 
ideal conditions, is a uniform cloud of target molecules in 
the chamber, leaving a resultant deposition of uniform 
thickness on the chamber and its contents (e.g., the Wafer). 
This coating is generally isotropic, conforming to the shape 
of the objects in the chamber. A natural consequence of this 
action is that the target material Wears or becomes thinner as 
more material is sputtered. 

[0006] The processing of integrated circuits is reliant on 
the uniformity of coating resulting from the gloW discharge 
process. The vacuum chamber containing the discharge and 
target material is carefully designed to attempt to maintain 
a uniform electric ?eld, and a gloW discharge is, in principle, 
sustainable over a range of electric ?eld strengths, again in 
accordance With the Paschen curve. HoWever, uniformity of 
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electric ?eld cannot be maintained perfectly and the unifor 
mity of the gloW discharge and henceforth Wear on the target 
is in?uenced by a number of factors, including thermal 
currents generated in the chamber and other mechanical 
anomalies, such as target misalignment. To compensate for 
these anomalies, commercial PVD sputtering machines 
often incorporate a mechanism to rotate a large magnet at 
constant speed above the target. This rotation serves to 
disturb the electromagnetic ?eld in the chamber, focusing 
the region in Which the plasma impinges upon the target on 
a smaller, moving area. Maintaining a constant poWer in the 
chamber While rotating the magnet at a constant rate 
improves the uniformity of Wear of the target, increasing 
target life and generally maintaining a more uniform distri 
bution of molecular target material in the chamber. As the 
magnet rotates above the target, local geometric, thermal 
and other variations cause the lumped electrical impedance 
of the chamber to change. With the poWer supply con?gured 
to deliver a constant poWer to the gloW discharge, the 
relation betWeen chamber voltage and current required to 
maintain constant poWer changes in accordance With the 
variation in impedance. If one monitors the chamber voltage 
and current, a clear periodic variation in the chamber voltage 
and current can be observed, With the period equal to that of 
the rotational period of the magnet. 

[0007] Even With the rotating magnet mechanism in place 
to attempt to stabiliZe the gloW discharge, certain conditions 
can result in a local concentration of the electric ?eld 
causing the gloW discharge to pass from the superconducting 
region of the Paschen curve into the arcing region. Arcing 
during PVD results in an unintended loW impedance path 
from the anode to the target through electrons or ions in the 
plasma, the unintended path generally including ground, 
With the arcing being caused by factors such as contamina 
tion (i.e., inclusions) of the target material, inclusions Within 
the structure (e.g., surface) of the target, improper target 
alignment (e.g., misalignment of cathode and anode), 
vacuum leaks, and/or contamination from other sources such 
as vacuum grease. Target contaminants include SiO2 or 

A1203. 
[0008] Arcing during PVD is one cause of yield-reducing 
defects in forming integrated circuits on semiconductor 
Wafers. While normal metal deposition is typically less than 
1 micron thick, arcing causes a locally thicker deposition of 
metal on the Wafer. When an arc occurs, the energy of the 
electromagnetic ?eld of the chamber is focused on a smaller 
region of the target than intended (e.g., the neighborhood of 
the target defect), Which can dislodge a solid piece of the 
target. The dislodged solid piece of target material may be 
large relative to the thickness of the uniform coating 
expected on the Wafer, and if a large piece falls upon the 
Wafer, it may cause a defect in the integrated circuit being 
formed at that location. Subsequent photolithography pro 
cessing etches aWay various areas of the deposited metal 
layer, leaving metal conductor paths according to desired 
circuit patterns. Because arcing results in a localiZed defect 
(area) having a greater thickness than the surrounding metal, 
the defect area may not be thoroughly etched in the subse 
quent processing, resulting in an unintended circuit path 
(i.e., short) on the chip. A semiconductor chip has multiple 
metal layers separated by insulator layers, each of the metal 
levels formed by depositing, patterning and etching a metal 
layer as described above. Alocal defect in one layer can also 
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distort an overlying pattern imaged onto the Wafer in a 
subsequent photolithography step, and thus result in a defect 
in an overlying layer. 

[0009] Manufacturing a Wafer of modem integrated cir 
cuits can involve Well over a thousand individual processing 
steps, the value of the Wafer and consequently each indi 
vidual integrated circuit die increasing With each processing 
step. Arcing in a PVD sputtering apparatus used to process 
Wafers into integrated circuits can render portions of the 
Wafer useless for its intended purpose, thereby increasing 
manufacturing costs. Using target materials free of arc 
causing inclusions is one Way of minimizing integrated 
circuit fabrication defects; hoWever, target material may 
become contaminated during its manufacture or thereafter. 
Discovering target contamination prior to sputtering opera 
tions so as to prevent arcing defects is costly, both in terms 
of time and expense. Not discovering arcing defects in a 
timely manner is similarly costly in terms of random yield 
loss, for example by the manufacturer operating a deposition 
chamber until the target inclusion causing the arcing is 
sputtered through. Furthermore, When a solid piece of the 
target is dislodged during an arc, the surface of the target 
may be further damaged and the potential for future arcing 
in that neighborhood increases. 

[0010] Absent real-time arc detection, corrective action is 
dependent upon the availability of parametric data. It is 
costly to measure the number of defective layers caused by 
arcing, for example via electrical tests designed to reveal 
shorts or by scanning the surface of Wafers With a laser after 
metal deposition. These tests take time to run, during Which 
production is delayed, or undetected yield loss occurs for an 
extended time. Since a defect such as a short at any level can 
impact integrated circuit functionality, it is desirable to avoid 
damage resulting from arcing during sputtering deposition. 

[0011] Accordingly, real-time arc detection permits faster 
identi?cation of sources of yield loss, and detection of 
incipient faults Within the processing tool or target itself, 
both resulting in more ef?cient integrated circuit fabrication 
applications. 

[0012] As discussed above, arcs can throW solid material 
into the chamber, and it can be assumed that any such piece 
of solid material landing on a Wafer of integrated circuits has 
a high probability of damaging at least one integrated circuit. 
One statistic indicative of the potential damage to a Wafer of 
integrated circuits is therefore the number of arcs that occur 
during a process step. It is also reasonable to assume that the 
expected damage caused by an individual arc to an inte 
grated circuit Wafer is a monotonically increasing function 
of the energy delivered to the arc, since a violent arc is likely 
to spread more solid material over a Wider area than a 

relatively “mild” arc. A system that can estimate both the 
number of arcs occurring during a PVD sputtering process 
step as Well as the severity of the arcs in real time is therefore 
a valuable tool in estimating the potential damage caused in 
a particular PVD sputtering step. 

[0013] It is Well knoWn that When an arc occurs in a gloW 
discharge process, the magnitude of the lumped impedance 
of the chamber decreases rapidly. When this occurs, the 
presence of series inductance in the driving point impedance 
of the poWer delivery system, comprising poWer supply and 
interconnection means, causes a rapid drop in the magnitude 
of observed voltage betWeen the anode and cathode of the 
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chamber. Observing the chamber voltage and comparing it 
against a ?xed threshold is a common means of detecting the 
presence of an arc and one can readily accomplish this by 
attaching a common oscilloscope to the cathode, With the 
ground of the oscilloscope probe attached to the chamber. 
Having an estimate of the average chamber processing 
voltage, Which one can obtain visually by observing the 
voltage using a free running oscilloscope, one can set the 
trigger point of the oscilloscope at a voltage greater than the 
expected voltage (the voltages observed in such a manner 
are negative With respect to the oscilloscope reference). 
When the oscilloscope triggers, the resulting voltage Wave 
form due to the arc can be observed and one can also 
simultaneously observe the current by means of an appro 
priate current probe. Systems have been developed that 
emulate this method of detecting arcs and Which count the 
number of occurrences so obtained over the course of a 

processing step. A knoWn shortcoming of this approach is 
that the ?xed trigger level must be set conservatively, as the 
chamber voltage varies periodically With magnet rotation as 
discussed above, as Well as varying over the course of a PVD 
processing step due to thermal and other considerations. As 
such, such a system may miss arcs of small magnitude, 
Which nonetheless cause damage. A system that can more 
closely folloW the actual, instantaneous expected chamber 
voltage Would permit these arcs to be detected more readily, 
providing a more accurate estimate of damage. 

[0014] In the PVD process used to produce integrated 
circuits, arcing conditions lasting less than 1 microsecond 
are commonly observed. These short duration arcs are 
commonly called microarcs. Electronically controlled ana 
log or sWitching poWer supplies cannot react to this rapid 
change in chamber impedance during a microarc. As a 
natural consequence of the series inductance, the poWer 
supply delivers a near constant current to the chamber 
during a microarc. Assuming that during an arcing condi 
tion, all energy delivered by the poWer supply is focused on 
the arc, the energy delivered to an individual arc can be 
estimated by the integral of the product of the poWer supply 
voltage times the (assumed constant) current over the inter 
val of the arc. Again, digital oscilloscopes exist that permit 
the capture of both the chamber voltage and current Wave 
forms during an arcing condition. Computer softWare, such 
as Tektronix “Wavestar” softWare, exists that can permit a 
digitally stored Waveform to be uploaded to a computer, 
Where the captured voltage and current Waveforms can be 
subsequently multiplied point by point to compute instan 
taneous poWer and that poWer Waveform integrated over the 
duration of the arc to determine the overall energy delivered 
by an arc. 

[0015] While useful for gaining an understanding of the 
arcing phenomenon in PVD applications, this method of 
computing arcs and arc energy using an oscilloscope and a 
post processing computer is of little value in production 
applications. Even modern handheld oscilloscopes are rela 
tively bulky instruments, and real estate in an integrated 
circuit clean room is extremely valuable. A stand alone post 
processing computer also takes up valuable ?oor space and 
Would likely need to be located outside the clean room and 
connected to the oscilloscope by a netWork, adding latency 
in the transfer of data betWeen the oscilloscope and com 
puter. Furthermore, there is no means to tell a-priori the 
duration of an individual arc, or the frequency at Which they 
might occur, leaving the problem of exactly hoW to set the 



US 2004/0182697 A1 

controls of the oscilloscope. Oscilloscopes also have limited 
Waveform storage capability, and therefore prone to losing 
information at the times in Which it is needed most, When 
there is much arcing activity during a process. A system so 
con?gured Would render real time control and decision 
making impractical. 
[0016] Various aspects of the present invention address the 
above-mentioned de?ciencies and also provide for arc detec 
tion methods and arrangements that are useful for other 
applications as Well. 

SUMMARY 

[0017] The present invention is directed to an apparatus 
and method for detecting arcs during plasma generation that 
addresses the above-mentioned challenges and that provides 
a feedback method for controlling ?lm deposition processes. 
The present invention is exempli?ed in a number of imple 
mentations and applications, some of Which are summariZed 
beloW. 

[0018] According to one eXample embodiment of the 
present invention, a plasma generation apparatus includes an 
arc detection arrangement communicatively coupled to a 
poWer supply circuit. The poWer supply circuit has a cathode 
enclosed in a chamber, and is adapted to generate a poWer 
related parameter. The arc detection arrangement is adapted 
to assess the severity of arcing in the chamber by comparing 
the poWer-related parameter to at least one threshold. 

[0019] According to other aspects of the present invention, 
the arc detection arrangement is adapted to estimate arc 
intensity, arc duration and/or arc energy. 

[0020] According to another eXample embodiment of the 
present invention, the arc detection arrangement is imple 
mented using a programmable logic controller (PLC). 

[0021] According to another eXample embodiment of the 
present invention, the PLC operates in concert With the arc 
detection arrangement to compute an adaptive arc threshold 
value responsive to normal variations in the impedance of 
the PVD chamber, said real time adaptive arc threshold 
value communicated by the PLC to the arc detection appa 
ratus in near real time. 

[0022] According to another eXample embodiment of the 
present invention, the adaptive arc threshold value respon 
sive to normal variations in the impedance of the PVD 
chamber is computed by the arc detection arrangement itself, 
With statistical data regarding both arcing activity and the 
adaptive arc threshold function communicated to the PLC in 
near real time. 

[0023] The above summary of the present invention is not 
intended to describe each illustrated embodiment or every 
implementation of the present invention. The ?gures and 
detailed description that folloW more particularly exemplify 
these embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The invention may be more completely understood 
in consideration of the detailed description of various 
embodiments of the invention, Which folloWs in connection 
With the accompanying draWings. These draWings include: 

[0025] FIG. 1 is a block diagram illustrating one eXample 
embodiment of an arc detection arrangement, according to 
the present invention. 
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[0026] FIG. 2 is a block diagram illustrating one eXample 
implementation of a poWer supply interface module (PSIM) 
portion of an arc detection arrangement, according to the 
present invention. 

[0027] FIG. 3 is a circuit diagram illustrating one eXample 
implementation of a PSIM voltage sensing circuit portion of 
an arc detection arrangement, according to the present 
invention. 

[0028] FIG. 4 is a circuit diagram illustrating one eXample 
implementation of a PSIM current sensing circuit portion of 
an arc detection arrangement, according to the present 
invention. 

[0029] FIG. 5 is a circuit diagram illustrating one eXample 
implementation of a PSIM poWer supply circuit portion of 
an arc detection arrangement, according to the present 
invention. 

[0030] FIG. 6 is a block diagram illustrating one eXample 
implementation of an arc detector unit (ADU) portion of an 
arc detection arrangement, according to the present inven 
tion. 

[0031] FIG. 7 is a circuit diagram illustrating one eXample 
implementation of an ADU voltage ?lter portion of an arc 
detection arrangement, according to the present invention. 

[0032] FIG. 8 is a circuit diagram illustrating one eXample 
implementation of an ADU programmable threshold com 
parator portion of an arc detection arrangement, according to 
the present invention. 

[0033] FIG. 9 is a block diagram illustrating one eXample 
implementation of an ADU arc detection logic unit (ADLU) 
portion of an arc detection arrangement, according to the 
present invention. 

[0034] FIG. 10 is a block diagram illustrating one 
eXample implementation of an ADLU counter unit portion 
of an arc detection arrangement, according to the present 
invention. 

[0035] FIG. 11 is a timing diagram illustrating one 
eXample implementation of clock logic unit (CLU) clock 
generation, according to the present invention. 

[0036] FIG. 12 is a logic diagram illustrating one eXample 
implementation of an ADLU digital signal processing inter 
face logic arrangement portion of an arc detection arrange 
ment, according to the present invention. 

[0037] While the invention is amenable to various modi 
?cations and alternative forms, speci?cs thereof have been 
shoWn by Way of eXample in the draWings and Will be 
described in detail. It should be understood, hoWever, that 
the intention is not to limit the invention to the particular 
embodiments described. On the contrary, the intention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION 

[0038] The present invention is believed to be applicable 
to a variety of different types of plasma generation applica 
tions, and has been found to be particularly useful for ?lm 
deposition applications, the latter bene?ting from a tech 
nique for responding to detected arcs during the generation 
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of a plasma environment. Example embodiments described 
herein involve PVD sputtering techniques; however, the 
present invention can be implemented in connection With a 
variety of systems, including those using plasma-generating 
techniques such as plasma etching or Plasma Enhanced 
Chemical Vapor Deposition system (PECVD). 

[0039] While arcing events may never be Wholly avoided, 
obtaining certain detailed data regarding the severity of arcs 
occurring during a sputtering process provides useful infor 
mation from Which compensatory-process decisions can be 
made. For instance, through real-time detection of a single 
arc of small magnitude, one might suspect the presence of 
minimal defects due to arcing on an affected integrated 
circuit die. Conversely, from real-time detection of a large 
quantity of arcs, or arcs of high severity, one might suspect 
the presence of many defects, perhaps even reach a conclu 
sion that an entire processing step is defective. Real time arc 
detection according to the present invention permits manu 
facturing decisions to occur in real time, or nearly so. For 
example, Where a processing step is suspected as being 
defective due to detection of signi?cant quantity or severity 
of arcing, the PVD process step may be terminated before 
further damage can occur. At the end of a PVD processing 
step, Whether completed normally or terminated per above a 
decision to repair or discard the Wafer can be made before 
further processing steps are initiated. If an initial processing 
step is deemed defective through real-time detection of 
signi?cant arcing, and processing costs to the present stage 
of manufacturing the Wafer are loW, it may be cost-effective 
to discard the Wafer. If arcing occurs during a latter pro 
cessing step, for Which the cost of processing a Wafer to the 
affected step is high, it may be cost-effective to chemically 
etch or physically polish the Wafer to remove the defective 
deposition layer and reprocess the Wafer. Additionally, 
detection of arcing activity on a Wafer to Wafer basis of an 
individual PVD system in Which no or minimal previous 
arcing activity is observed may be indicative of the devel 
opment of an incipient equipment fault condition that can be 
corrected by scheduling appropriate equipment maintenance 
during scheduled equipment inactivity. The key is timely 
recognition of the increased probability of defects due to 
arcing. 

[0040] For a particular PVD system, the poWer supply to 
drive the process attempts to regulate poWer delivered to the 
chamber. The impedance of the chamber elements, including 
the anode, cathode and chamber environment betWeen the 
anode and cathode, is in series With the impedance of the 
plasma-generating poWer supply circuit. The relation 
betWeen voltage and current to maintain a constant poWer in 
a plasma is dependent upon the impedance of the chamber 
elements, including the conductivity of the particular target 
material itself Which is subject to change as a result of the 
sputtering process. 

[0041] When an arc develops in the sputtering chamber, 
the magnitude of the impedance of the chamber drops 
rapidly, thereby changing the impedance of the plasma 
generating poWer supply circuit. The poWer supply and 
distribution circuit contains signi?cant series inductance, 
limiting the rate at Which current can change in the circuit. 
Arapid drop in chamber impedance therefore causes a rapid 
decrease in the magnitude of chamber voltage due to this 
inductive component. This collapse in chamber voltage 
magnitude is often suf?cient to extinguish the arcing con 
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dition and re-establish a gloW discharge before serious 
damage to the chamber, the poWer supply, or the target can 
result. Typically, arcing events occur (and disappear) more 
quickly than the electronics regulating the poWer supply are 
able to react, so even if corrective action is initiated by the 
electronics, some damage to the Wafer is possible. As 
discussed previously, the probability that an item being 
coated Will suffer some form of defect, such as a non 
uniform coating on a Wafer, increases as a result of each 
arcing event. Because the chamber voltage drops rapidly 
When an arcing event occurs, an unexpected voltage drop 
beloW a pre-de?ned or adaptive voltage threshold level can 
be used to de?ne the occurrence of an arcing condition. 

[0042] The voltage threshold delineating the existence of 
an arcing event is dependent upon the nominally applied 
(i.e., non-arcing), perhaps time varying chamber voltage 
according to one example implementation. The non-arcing 
chamber voltage applied to produce a gloW discharge is 
dependent on many factors including the condition and 
composition of the target (Which affects circuit impedance). 
All other circuit impedances remaining constant, a higher 
chamber voltage is required to produce a gloW discharge 
using a relatively less-conductive target material, conversely 
a loWer chamber voltage is required to produce a gloW 
discharge using a relatively-higher conductive target mate 
rial. For example in one sputtering chamber implementation, 
the chamber voltage required to uniformly deposit alumi 
num is nearly tWice the chamber voltage required to deposit 
copper. The chamber voltage required to uniformly deposit 
aluminum can also vary from chamber to chamber, being 
dependent on the balance of circuit impedance including the 
poWer supply and other chamber elements. Furthermore, as 
the target ages and more material is sputtered, the poWer 
required to maintain a uniform deposition rate must be 
modi?ed (e.g., increased). As the required applied voltage 
changes, it folloWs that the associated threshold voltage at 
Which an arcing condition is determined should also be 
changed. 

[0043] According to a general example embodiment of the 
present invention, a plasma generation apparatus includes an 
arc detection arrangement communicatively coupled to a 
poWer supply circuit. The poWer supply circuit has a cathode 
enclosed in a chamber, and the poWer supply circuit is 
adapted to generate a poWer-related parameter (e.g., a volt 
age signal). The arc detection arrangement is adapted to 
assess the severity of arcing in the chamber by comparing 
the poWer-related parameters to at least one threshold. 
Parameters determining arcing severity are process-depen 
dent and include, but are not limited to, arc quantity, arc rate, 
arc intensity, arc duration, and/or arc energy. 

[0044] According to one implementation, the arc detection 
arrangement for a sputtering process monitors a sputtering 
chamber voltage and detects an arcing condition Whenever 
the chamber voltage magnitude drops beloW a preset arc 
voltage threshold value. 

[0045] According to one aspect, the poWer-related param 
eter (e.g., voltage) threshold value is variable over a range 
of poWer-related parameter values. Any threshold may be 
programmable, and may be controlled by a logic arrange 
ment, for example being electronically controlled by a 
remote logic arrangement. In one example implementation, 
the voltage threshold value demarking an arc occurrence is 
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computed in response to an estimate of nominal chamber 
voltage magnitude, the nominal chamber voltage magnitude 
being the chamber voltage necessary to produce a gloW 
discharge (i.e., generate a plasma) during non-arcing con 
ditions. In one example implementation, any threshold may 
be hysteretic, or programmed to be hysteretic having a 
“reset” value different from a “surpass” value. 

[0046] According to one aspect of the present invention, 
the arc detection arrangement is further adapted to count 
arcing conditions (events) responsive to the at least one 
threshold. A rate of detected arcing condition occurrences 
may be determined therefrom. 

[0047] According to another aspect, the arc detection 
arrangement is further adapted to measure arcing duration 
responsive to comparing the poWer-related parameter to the 
at least one threshold. For example, the arc detection 
arrangement includes a clock and a digital counting arrange 
ment in one implementation. The clock provides a clock 
signal having a ?xed period, and the digital counting 
arrangement is adapted to count the clock signal periods 
responsive to comparing the poWer-related parameter to at 
least one threshold. According to a further aspect of the 
present invention, the duration of arcing conditions is 
assessed by comparing the poWer-related parameter to at 
least one threshold. According to one example implemen 
tation, the duration of arcing conditions is accumulated over 
a ?xed period. According to another example implementa 
tion, the duration of arcing conditions is accumulated until 
the duration threshold is reached, or until the accumulated 
duration is reset. 

[0048] According to another aspect, the arc detection 
arrangement is further adapted to measure arcing intensity 
responsive to comparing the poWer-related parameter to the 
at least one threshold. In one example implementation, the 
arc detection arrangement is adapted to compare the poWer 
related parameter to a plurality of thresholds arranged at 
different values thereby ascertaining the extent or range of 
change (from nominal) to the poWer-related parameter dur 
ing an arcing event. In one example embodiment, the 
threshold corresponding to the largest observed voltage 
magnitude drop provides a loWer bound to the energy 
estimate, While the next larger voltage drop threshold (Which 
the system is observed to not exceed) provides an upper 
bound to the energy estimate. 

[0049] According to another example embodiment of the 
present invention, the arc detection arrangement is adapted 
to measure arcing duration and intensity responsive to 
comparing the poWer-related parameter to the at least one 
threshold. In one implementation, the arc detection arrange 
ment is further adapted to measure arcing energy responsive 
to comparing the poWer-related parameter to the at least one 
threshold, arcing energy being proportional to the product of 
the arcing duration and the arcing intensity, and assessment 
of arcing severity being a function of the arcing energy (i.e., 
the product of arcing intensity and arcing duration). Accord 
ing to one particular implementation, a plurality of thresh 
olds are used to determine a plurality of durations, in order 
to estimate (i.e., approximate, or integrate) an area bounded 
by a poWer-related parameter (e.g., chamber voltage) versus 
time plot during a depression in the voltage due to arcing. An 
arcing energy proportional to the bounded area for each 
arcing event is used to assess the severity of arcing. Accord 
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ing to a further implementation, the arc detection arrange 
ment is further adapted to accumulate arcing energy over a 
plurality of arcing events, for example by summing the 
products of arcing intensity and arcing duration to assess the 
severity of arcing. 

[0050] According to another example implementation, the 
arc detection arrangement includes a poWer-related param 
eter band-limiting ?lter as a means to prevent aliasing prior 
to digitiZing the poWer-related parameter. Commonly under 
stood digital signal processing techniques are applied to this 
digitiZed poWer-related parameter to reduce or accentuate 
certain frequency response characteristics of the poWer 
related parameter. This digitally signal processed parameter 
may then be compared directly against a similarly digitiZed 
version of the at least one threshold. 

[0051] According to another example implementation, a 
digitally signal processed parameter per above is used to 
compute at least one time varying threshold value, respon 
sive to certain observed characteristics of one or more 
poWer-related parameter over the course of the PVD pro 
cess. 

[0052] According to another example embodiment of the 
present invention, a plurality of poWer-related parameters 
are compared to a plurality of thresholds in assessing the 
severity of arcing as described above. For example, in 
addition to chamber voltage, poWer supply current is moni 
tored and used in detecting arcing events, an arcing event 
being determined Whenever the current magnitude exceeds 
a preset current threshold value. 

[0053] According to another example embodiment of the 
present invention, a logic arrangement is communicatively 
coupled to the arc detection arrangement, and adapted to 
process the arcing data collected by the arc detection 
arrangement. In one implementation, the logic arrangement 
is adapted to interface With the arc detection arrangement, 
the logic arrangement having a data netWork and additional 
external devices such as process controllers, monitors and 
logic arrangements. In one particular application, the logic 
arrangement is a programmable logic controller (PLC). 

[0054] According to another example embodiment of the 
present invention, arc severity in a plasma generation cham 
ber is assessed by timing an arc duration, Which is derived 
by comparing a poWer-related parameter to at least one arc 
intensity threshold, and adding the arc duration to an accu 
mulated arcing duration. Further example implementations 
of the method include measuring the poWer-related param 
eter during non-arcing plasma generation and automatically 
adjusting the arc intensity threshold(s) responsive to mea 
suring the poWer-related parameter; counting arc occur 
rences; and/or assessing arc severity as a function of arc 
intensity, arc duration and/or the product thereof. 

[0055] According to another embodiment of the present 
invention, arcing severity in a plasma generation chamber is 
assessed by determining an arc intensity, Which is derived 
by: comparing a poWer-related parameter to at least one arc 
intensity threshold, timing an arc duration responsive to 
comparing a poWer-related parameter to at least one arc 
intensity threshold, computing arc energy as a function of 
arc intensity and arc duration, and then adding the arc energy 
to an accumulated arcing energy. Further example imple 
mentations of the method include measuring the poWer 
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related parameter during non-arcing plasma generation and 
automatically adjusting the at least one arc intensity thresh 
old responsive to measuring the poWer-related parameter; 
counting arc occurrences responsive to comparing the 
poWer-related parameter to the at least one arc intensity 
threshold; and/or employing a hysteretic arc intensity thresh 
old; and/or transmitting information representative of arcing 
to a logic arrangement on command via a shared data path, 
the information being one selected from a group that 
includes quantity of arc occurrences and accumulated arcing 
duration. The poWer-related parameter is a function of 
plasma generation chamber voltage in one particular imple 
mentation; the poWer-related parameter being formed as a 
digital representation of plasma generation chamber’s oper 
ating characteristics in another implementation. 

[0056] In describing the folloWing particular eXample 
embodiment of the present invention, reference Will be made 
herein to FIGS. 1-12 of the draWings in Which like numerals 
refer to like features of the invention. 

[0057] FIG. 1 illustrates an eXample embodiment of an 
arc detection arrangement 100 of the present invention. Arc 
detection arrangement 100 is used, for eXample, in a pres 
sure vapor deposition (PVD) process step in integrated 
circuit manufacture and other processes Where uniform 
material deposition is desired. A PVD sputtering system 
includes a deposition (vacuum) chamber 10 containing a gas 
15, such as argon, at loW pressure. A target 20 formed of 
metal is placed in vacuum chamber 10 and electrically 
coupled as a cathode to a poWer supply 30 via an indepen 
dent poWer supply interface module (PSIM) 40. According 
to one eXample implementation, poWer supply 30 and cham 
ber 10 are coupled using a coaXial interconnecting cable 35. 
A substrate (Wafer) 25 is coupled as an anode to poWer 
supply 30 through a ground connection. The vacuum cham 
ber is also typically coupled to ground potential. According 
to another eXample implementation, the anode is coupled to 
poWer supply 30 directly. Rotating magnet 27 is included to 
steer the plasma to maintain uniform target Wear. PSIM 40 
includes a buffered voltage attenuator 44 adapted to sense 
the chamber voltage and provide an analog signal to an Arc 
Detection Unit (ADU) 50 via voltage signal path 42 respon 
sive to the chamber voltage. The PSIM also includes a Hall 
effect-based current sensor 46 adapted to sense the current 
?oWing to the chamber and provide an analog signal via 
current signal path 48 to the ADU responsive to the chamber 
current. In another eXample implementation, the target is 
formed of an insulating material. ADU 50 is communica 
tively coupled to a logic arrangement 60, for eXample a 
programmable logic controller (PLC) or communication 
tophat via a local data interface 70. Logic arrangement 60 
may be coupled to a data netWork 80, for eXample a high 
level process control netWork such as an EG Modbus-Plus 
TCP-IP on Ethernet. 

[0058] An electric ?eld is generated betWeen the target 
(cathode) and anode by the poWer supply causing the gas in 
the vacuum chamber to ioniZe. IoniZed gas atoms (i.e., 
plasma) are accelerated across the potential of the electric 
?eld and impact the target at high speed, causing molecules 
of the target material to be physically separated from the 
target, or “sputtered.” The ejected molecules travel virtually 
unimpeded through the loW pressure gas and plasma striking 
the substrate and forming a coating of target material on the 
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substrate. Typical target voltage for sputtering aluminum is 
a steady state magnitude of approximately 450 volts dc 
(VDC). 
[0059] FIG. 2 illustrates one eXample embodiment of 
PSIM 40. PSIM 40 derives signals representative to the 
chamber voltage and current. Coaxial cable 35 electrically 
couples the poWer supply to the chamber. Cable 35 has an 
outer conductor 210 nominally at ground (earth) potential, 
and a center conductor 215 biased negatively With respect to 
the outer conductor. Current in cable 35 is measured using 
a Hall effect transducer 220 or other current transducing 
device. Transducer 220 is arranged to selectively measure 
current ?oWing in center conductor 215, indicative of the 
total current ?oWing to the chamber. Center conductor 215 
of cable 35 passes through an aperture 225 in Hall effect 
transducer 220. To eXpose center conductor 215, outer 
conductor 210 is interrupted near transducer 220, and outer 
conductor current is directed around aperture 225 via current 
shunt 230 coupled to outer conductor 210. The arrangement 
of Hall effect transducer 220 simpli?es packaging of the 
PSIM While simultaneously providing a high level of gal 
vanic isolation betWeen cable 35 and the output signals of 
transducer 220. The present invention is not limited to using 
a Hall effect transducer. Other means for deriving a signal 
responsive to the current ?oWing from chamber 10 to poWer 
supply 30 are contemplated, including but not limited to an 
arrangement including a current shunt With appropriate 
voltage isolation, and means based on certain pieZo-resistive 
current transducers. 

[0060] Transducer 220 has a ?rst output terminal 222 
carrying current signal I— and a second output terminal 224 
carrying current signal I+. First and second transducer 
output terminals are electrically coupled to an Isense circuit 
arrangement 240, ?rst transducer output terminal 222 being 
coupled to Isense circuit ?rst input terminal 242, and second 
transducer output terminal 224 being coupled to Isense 
circuit second input terminal 244. Isense circuit arrangement 
240 also has a ?rst output terminal 246 carrying signal 
IPSIM—, and a second output terminal 248 carrying signal 
IPSIM+. Isense circuit receives current signals I+ and I—, 
and generates a differential voltage betWeen signals IPSIM+ 
and IPSIM- responsive to the current-?oWing from the 
chamber to the poWer supply. 

[0061] Vsense circuit 250 measures the potential differ 
ence betWeen center conductor 215 and outer conductor 210, 
and generates a differential responsive to the potential 
difference. The Vsense circuit includes a ?rst input terminal 
252 coupled to inner conductor 215 and carrying voltage 
signal V—. The Vsense circuit also includes a second input 
terminal 254 coupled to outer conductor 210 and carrying 
voltage signal V+. The Vsense circuit has a ?rst output 
terminal 256 carrying output voltage signal VPSIM—, and a 
second output terminal 258 carrying output voltage signal 
VPSIM+. 

[0062] CoaXial cable 35, connecting poWer supply 30 to 
vacuum chamber 10, is terminated in standard commercial 
UHF type connectors in one eXample implementation. 
According to one aspect of the present invention, the 
mechanical packaging of PSIM 40 is arranged and con?g 
ured such that cable 35 can be de-terminated at one end, 
inserted through aperture 225 of PSIM 40 and re-terminated 
to complete a circuit betWeen poWer supply 30 and chamber 
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10. In an alternate implementation, PSIM 40 includes UHF 
type connectors so that PSIM 40 can be inserted in the 
circuit of cable 35 betWeen poWer supply 30 and chamber 
10. 

[0063] FIG. 3 illustrates one example implementation of 
Vsense circuit 250 to provide differential output voltage 
signals responsive to the instantaneous voltage difference 
betWeen the cathode and anode of the PVD system. The 
example Vsense circuit illustrated in FIG. 3 provides for a 
very high impedance betWeen the voltage signals present at 
its input terminals and the voltage signals provided at its 
output terminals. The positive input voltage signal 254 (V+) 
is derived from the outer conductor 210, and the negative 
voltage signal 252 (V—) is derived from inner conductor 215 
of poWer supply cable 35. 

[0064] According to the example implementation illus 
trated, resistor netWorks R3 and R4 provide an attenuation 
factor of 500:1 to each respective input voltage signal With 
respect to a reference plane, GNDANALOG. Each of the 
resistor netWorks R3 and R4 have a nominal resistance of 
approximately 20 Megaohms betWeen the netWork sense 
terminal (pin 1) and the reference plane (pin 3). Resistive 
netWorks R3 and R4 can be implemented using, for 
example, thick ?lm high voltage divider netWorks such as 
Ohmcraft P/N CN-470. An applied voltage of 1000 volts 
betWeen 252 (V+) and 254 (V—) causes a current of 25 
microamperes to How into pin 1 of R4 and out of pin 1 of 
R3. Pin 3 of each of these voltage attenuators (i.e., resistive 
network) is coupled to the reference plane, GNDANALOG. 
Since each of the voltage attenuators provide a 500:1 
attenuation, a differential voltage measured betWeen pins 2 
of each resistive netWork (i.e., betWeen attenuated signal 
VPSA+ at pin 2 of R4 and attenuated signal VPSA- at pin 
2 of R3) are attenuated by 500:1, and this measurement is 
independent of the voltage difference betWeen either V+ and 
GNDANALOG, or V- and GNDANALOG. 

[0065] The PVD sputtering chamber 10 has radio fre 
quency (RF) energy applied in one example implementation, 
to stabiliZe the plasma. Capacitors C2, C3 and C5 of Vsense 
circuit 250 signi?cantly attenuates (i.e., ?lters) this high 
frequency “noise”. According to one example implementa 
tion, the combination of C2 and R3 has an effective pole at 
about 22 kHZ. 

[0066] As discussed above, the differential voltage appear 
ing betWeen VPSA- and VPSA+ is a band limited repre 
sentation of the signal appearing betWeen V- and V+, With 
a nominal DC attenuation factor of 500:1. The equivalent 
DC Thevenin source impedance betWeen VPSA- and 
VPSA+ is high (on the order of 80 kOhms) and therefore not 
suitable for transmission over large distances or into loW 
impedance loads. Therefore, a differential instrumentation 
operational ampli?er U2; for example an LT1920 instru 
mentation operational ampli?er, is incorporated in the 
Vsense circuit to serve as a loW impedance voltage folloWer. 
Operational Ampli?er U2 provides high impedance inputs 
(pins 2 and 3), Which Will not signi?cantly load the outputs 
of attenuators R3 and R4. Pin 2 of resistive netWork R3 is 
coupled to the inverting input (pin 2) of U2 and Pin 2 of 
resistive netWork R4 is coupled to the non-inverting input 
(pin 3) of U2. Resistor RG2 sets the voltage gain of U2 and 
is selected to yield a gain of lV/V in the example embodi 
ment. The resulting output of U2 (pin6) is a single ended loW 
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impedance voltage source relative to GNDANALOG that 
closely folloWs the voltage developed betWeen VPSA- and 
VPSA+. 

[0067] The output of U2 (pin 6) is coupled to the center 
terminal of a BNC type connector, J2, and carries the signal 
VPSIM+258. The outer connector of BNC type connector J2 
carries signal VPSIM-256 and is coupled to the reference 
plane GNDANALOG. The resulting differential voltage 
betWeen signals VPSIM+ and VPSIM- is band limited With 
respect to the differential input signals V+ and V—, and has 
a nominal DC response of 2 mV/V. 

[0068] In one embodiment, the Hall effect type DC current 
transducer 220 When coupled to an appropriate load imped 
ance placed betWeen signals 244 (1+) and 242 (I—) generates 
a current responsive to current ?oWing in inner poWer 
supply conductor 215. In one particular embodiment, using 
a model LA25-P Hall effect type DC current transducer 
manufactured by LEM, the current signal developed by DC 
current transducer 220 is approximately proportional to the 
total current passing through aperture 220 at a ratio of 
100011. Thus a 1 ampere signal passing through aperture 220 
generates a constant current of 1 mA ?oWing through an 
impedance placed betWeen 244 (1+) and 242 (I—), Within the 
limits of the DC current transducer design. FIG. 4 illustrates 
one example implementation of a current sensing arrange 
ment, Isense circuit 240 that generates a voltage responsive 
to the current developed by the example LA25-P Hall effect 
type DC current transducer. In this example, signal I— is 
coupled to the reference plane GNDANALOG of PSIM 40. 
An impedance comprising 100 Ohm resistor R6 in parallel 
With a loW pass ?lter comprising resistor R7 and capacitor 
C10 is coupled betWeen I+ and I—. Ignoring the relative high 
impedance of the loW pass ?lter, the current I+ ?oWs through 
resistor R6 and returns to current transducer 220 through I—. 
The net result of the circuit comprising current transducer 
220 and resistor R6 is a voltage across R6 proportional to the 
current ?oWing through aperture 222, With the constant of 
proportionality 100 mV/Ampere. The loW pass ?lter com 
prising resistor R7 and C10 has a nominal 3 dB cutoff 
frequency of 23 kHZ, Which serves to remove any stray noise 
from the current signal, including the aforementioned RF 
component sometimes included to stabiliZe the gloW dis 
charge. The loW pass ?lter output, VIL in FIG. 4, is a band 
limited representation of the voltage developed across R6 by 
current transducer 220. An instrument ampli?er U3, such as 
an LT1920, serves as a loW impedance voltage folloWer 
responsive to the signal VIL by coupling VIL to the non 
inverting input (pin 3) of U3, With inverting input of U3 (pin 
2) coupled to GNDANALOG through resistor R5. Resistor 
RG1 serves to set the gain of instrumentation ampli?er U3 
to lV/V in the present example. The output terminal (pin 6) 
of U3 carries signal IPSIM+ and is coupled to the center 
conductor of a BNC type connector, J3. The outer conductor 
of BNC type connector J3 is coupled to GNDANALOG and 
designated signal IPSIM—. The voltage developed betWeen 
IPSIM+ and IPSIM- is consequently a signal responsive to 
the current ?oWing in aperture 220, band limited to a cutoff 
frequency of approximately 23 kHZ and With a constant of 
proportionality of approximately 100 mV/Ampere. 

[0069] FIG. 5 illustrates one example implementation of 
a PSIM poWer supply circuit 500 (not shoWn in FIG. 2) and 
required to bias instrumentation operational ampli?ers U2 
and U3. A dual poWer supply module U1, for example 


















