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Sputtering is a vacuum deposition process in which a sputtering target is bombarded
with ions, typically an ionized noble gas, and the atoms of the target material are
mechanically freed by momentum transfer. The target material then coats a nearby substrate.

In a reactive sputtering process a reactive gas is introduced into the deposition
chamber, and the freed target material reacts with the reactive gas to form a coating material.
For example, the target material can be aluminum, and oxygen can be introduced as the
reactive gas to produce a coating of aluminum oxide. A carbonaceous gas, e.g. acetylene, can
be used as the reactive gas to produce carbide coatings such as SiC, WC, etc., and N, can be
introduced to produce a nitride coating such as TiN. In any event, the conductive target
atoms and the reactive gas react in plasma in the chamber to produce the compound that
serves as a coating. In a typical example, aluminum atoms freed from an aluminum target
enter a plasma of argon and oxygen to produce a deposition of aluminum oxide.

DC sputtering is a random process and the insulating coating material is deposited on
all avaiiable surfaces. This means that not only does the insulating material coat the article in
question. but it also coats other surfaces in the chamber as well, including the target. Thus, in
a reactive sputtering process for depositing aluminum oxide, molecules of Al O, land on the
sufface of the aluminum target. This deposition of an insulator on the target causes severe
problems, including a reduction of sputtering rate and a propensity to induce arcing.

Contamination of the target can also result, even in conventional dc sputtering, due to
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peri odi Cg.l ly. interryptin tge current flow between the dc power supply and
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the sputtering occurs. Here, shutting off the dc power serves to extinguish early arcing. This

means that unipolar pulses of power at a fixed duty cycle are fed to the target. This does have .

the beneficial effect of permitting charge to build up only partially across the dielectric
deposition on the target, so that arcing is less likely to ocour, and also can lead to a small
amount of resputtering of the deposition. However, this system, while slowing down the rate
of insulating deposit on the target, does not reverse the deposition.
Another system previously proposed is called a low energy small package arc

K  repression circuit. In that system, an electronic switch cycles at a rate of about 2 KHz to cut
out the current to the target. This in effect reverses the voltage on the target to several volts.
positive, and draws some electrons from the plasma to the front surface of the insulative
deposition. This neutralizes the anions on the front surface of the deposition, to discharge the
voltage buildup across the layer, thereby greatly reducing the occurrence of dielectric
breakdown and arcing. Also, discharge of the front surface of the insulative layer lowers the
surface potential to approximately that of the target. Discharging of the dielectric deposition
also permits the argon ions in the plasma to collide with the insulating dielectric material.
This does result in some resputtering of the molecules of the deposited material, thus slowing
the rate of deposit on the target.
However, this approach does not resputter the molecules of the deposited compound as

effectively as the atoms of the target material, and so this approach has not been totally
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process also reverses the charge on the deposited insulating material as well, which reduces

the possibility of arcing and also resputters some of the insulating material on the targets.
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gas, €.g., argon, present in the chamber is ionized and creates a plasma, €.g., argon anions and
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the target is interrupted periodically by reverse-bias pulses of a dc voltage level that is
positive relative to the anode. Preferably, the reverse bias pulses are at a level of 50 to 300
volts above ground potential, and these are applied at a pulse frequency of 40 KHz to 250
KHz with a pulse width of 1 usec to 3 usec. This results in low duty cycle pulses (about 16%
or less). The reverse bias creates a reversal of the charge across the insulating material.
These accumulations behave as a capacitor, with the conductive target being one plate and the
conductive plasma being the other plate. The reverse voltage is applied long enough (e.g. 2
usec) for the polarity of the capacitive .charge to be reversed, up to -300 volts, on the plasma
side of the deposition. -

Then when the normal or negative sputtering voltage is again applied, the argon ions
in the plasma are accelerated preferably towards the reverse-charged dielectric material.

These ions are accelerated to an increased energy due to the additional potential difference.
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power supply. Unfortunately, no preéent system is capable of operating in conjunction with
the reverse bias pulsed power subply and of detecting and reacting to either a persistent arc
(sticky arc or multistrike arc) or an overvoltage condition. '

It is an object of this invention to enhance sputtering or other plasma chamber
operation in a fashion which detects and deals with arcing or overvoltage condition, and
which avoids the problems of the prior art.

It is another object to carry out a sputtering operation under conditions that detects
mechanical arcing and overvoltage conditions, and which automatically takes steps to
terminate such conditions. |

It is a further object to prevent mechanical arcing and overvoltage from damaging
components of the plasma power supply. '

According to an aspect of the present invention, a pulsed dc sputtering process is '
carried out by sputtering target material from a conductive target in a plasma chamber. A dc
voltage is applied between the target and an anode in the plasma chamber, causing noble gas

jons present in the chamber to impinge on the target. The noble gas ions sputter away atoms
of the target material. The dc power supply applies a pulse waveform to the target at a
predetermined rate. Each cycle of the pulse waveform includes a negative voltage pulse

" portion at a predetermined negative voltage lcvél, e.g. - 300 to -700 volts, and first pulse
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will produce a voltage drop of several hundred volts, whereas the voltage drop is very small
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when arcing occurs, typically a few volts to twenty volts or so. Accordingly, during the

15 window period the applied voltage is monitored to determine if the voltage is in a low voltage
range that is characteristic of arcing. If the low voltage condition is present for two cycles in
succession, then the dc power supply is interrupted for some period of time, from a few
microseconds to a few milliseconds, to clear the arc.

Alternatively, the interruption can be initiated when an overvoltagé or arcing

20 condition is present for one cycle, three cycles, or some other number of cycles in succession.

When this technique is used, the sputtering process avoids the problems associated
with arcing, such as arc damage to the substrate and particulates in the sputtered coating. The
technique also prevents damage to the plasma chamber and to the power supply and pulser
unit. The same element both detects the overvoltage condition and clamps any overvoltage to

25 protect the equipment. The improvement of this invention detects and deals with the various
types of occurrences to improve the quality level of the coating on the substrate.

The above and many other objects, features, and advantages of this invention will
become apparent from the ensuing description of a preferred embodiment, which should be
read in conjunction with the accompanying Drawing.

30 Fig. 1 is a circuit schematic of a sputtering power supply with mechanical arc and

overvoltage detection according to an embodiment of this invention.
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volts, and pdwertat i)sﬂlé‘cﬁed dc voltage, e.g., between 300 volts and 700 volts. Associated with the

6 - wi dth, and a, positiyve voltagelevel relative to the anode, e.g.,

+50 to +300PAMSIrsaurce HQjisa reyersing pulse persarterct8rhere shavwe tniaclyde 3 eevarsel bigs source
20, an FET 22 serving as a switch, and a control circuit 24 for actuating the switch FET 22.

The operation of this reversihg pulse generator is also described in the above-mentioned
patent application.

‘A mechanical arc detection circuit 26 is connected to the input of the plasma chamber
load 12 to detect a voltage condition that is characteristic of arcing. That is, under plasma
conditions, the voltage drop across the plasma will be on the order of several hundred volts.
However, an arcing condition appears as a short circuit across the plasma, and exhibits a
voltage drop from several volts to about 100 volts. To detect a low voltage condition, the
circuit incéludes a string of resistors 28a to 28e serving as a voltage divider 28, and is coupled
to one input of a voltage comparator 30, whose other input is connected to a reference voltage
source 32, here a voltage divider. An output of the comparator 30 is supplied to an opto
transmitter device 34, here represented as an LED.

An overvoltage detection and clamping circuit 36, also connected to the input of the
plasma chamber load 12, includes a string of zener diodes 38 in series, the string being
connected at one end to the positive dc power and at the other end to an overvoltage opto
transmitter, here represented as an LED 44, a capacitor 20, a protective voltage-limiting zener
diode 42 and a resistor. The zener diodes 38 are selected so that the sum of their reverse
breakdown voltages equals a predetermined overvoltage threshold. Alternative voltage
limiting technology could be employed in lieu of the Zener diodes, e.g., MOVs. The

capacitor 40, zener diode 42 and LED 44 connect to negative dc (- rail), which serves as a



An overvol tage sensing circui-t, which can conprise a stack or string of
Zener di odes, detects when the applied voltage exceeds a

' predeterm ned negative voltage level. Normally, 5 - an overvol tage
condition will clear itself in one cycle by action of the reverse bias

- pul se. However, if the overvoltagqgcondition persists for two

. successive cycles, the voltage supply wll be interrupted for sone

d ' | | ' f. di I . I
By ol t age v SRR SxrdRE Sl Rl Seni SN findEi einevunGedPh <

in the 12 exqzedethissttigeshold, cigkent will flow throughhBe s1883 3% 6hd/@ldugh the IEPUS &
continuously, nonitored for a nmechanical arcing condition. To do
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portion of each cyc ypl ca ce’a voltage
drop of sevplasinalchamiberend tietsabstitecthe@in thinds wobd ageddrop is very smal |

when arcing occurs, typicall, fewvolts to twenty valts .or so. . . .
" Accordingly, durffﬁac‘erﬁﬁl giscuit 24;for thspulied s govRSURBIY if doWRdn mgiedstail in Fig.

nonitored tg ﬂt%gﬁérmcﬂfck ic¥rcﬁip$6 %ﬁhf)l‘?%@ g[u.?]gdj }xﬁatﬁe k/ﬂ%gé gir%%‘%gllrce. or rgeneratﬁfaw @

that is charactéristic of arci OW VO tioMis present
for two cycieference voltage sourceUfifcamezi compatalisr52twimsel outpotgeneratep plelock signal SYS

interrupted for _so period of time, froma few . .m crqQseconds to a
few millise&d¥€] -ﬁea?@aﬁlgpﬂefmav the ramp generator 48 is fed mwwfap?egw,cwlﬁe

i nterrupti oRompstalef 54 Nhilds@bifdr lﬁ@ﬁ(‘is@ é’c?(ovaqjefe?ﬁﬁe Qblt ﬁi%ﬂ%{r%g.r Trl%ﬁ g%tgut of

condition is present for one cycle, three cycles, or so r of
- cycl es in sthisewspayator 54 provides a pulse signANDTY T ¥CLEdhatigquerns the pulsel widtheof

tteri i ds .th bl i at ed i th ' h
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- power supply and pul ser ~ unit. The same el ement both detects the
over vol t age cempenentsobutdhis te benmdersiond thetdthessicoulddetdigitally implemented and adjested

vari us DY e RTRR i Siendb Y SPGB DAY o hE il
coating on ﬁ@@m@h%omm circuit 60 or pulser. THR %ab&mes 2 palsEFiBival EHaf B applid et S,
features, and advantages of this invention wl becone appar ent

from the engwongr sppbiqopirpbeircyit 62 apd definesdhe pasifiveiand negativmpelie porionspiites
(o2 1 MG hER B 85 SE RN ot s ons B i °
over vol t age voRigeab ieswichafatsisgr 2D(HEE ©Yrbodi nent of this invention.

The circuitry responsive to a mechanical arcing is also shown in Fig. 2. Here, a
mechanical arc receiver 66 includes a photo sensor that is optically coupled to the opto
transmitter 34, and in practice the two elements can be packaged together as an opto-isolator
device. An output of the receiver 66 goes to one input of an arc detect circuit 68. A timing
comparator 72 is supplied with the signal RAMP and a reference level. The comparator 72 is
biased to provide a gating window pulse 80% CLOCK when a predetermined portion of the
negative pulse portion (e.g., 80 pefceﬂt) of the pulsed dc power cycle has elapsed. The gating
window pulse 80% CLOCK is fed to another input of the arc detect circuit 68. The output
of the arc detect circuit 68 goes high if, during occurrences the gating window, the applied

) voltage appearing at the plasma chamber load 12 is less negative than the predetermined

negative threshold. The arc detect output is applied to an arc fault counter circuit 70. The

clock signal SYS CLOCK is applied to a‘clock input of the counter circuit 70. If the arc



7 Fig. 2 is acircuit schematic of control circuitry of this

enbodi nent for interrupting the power supply under detected conditions of

" mechani cal arcing or overvoltage. Figs. 3A to 3E are wave charts for
expl ai ning the operation of this enbodi nent. Wth reference to the
Drawing, and initially to Fig. 1, a pulseg dc sputtering arrangenent

- enpl oys a dc plasma power supply 10 to feed dc power to a plasma chanber

' load 12. Pl ti I . .
descri bed | aee AP FRais et B frd AR & rohF o M 10 BT i
entitl ed Prafcrteratalis &pudtédowhengthe butbntsefl the are Sault @omieo Adlisdtigh;and thiget s, and
whi ch is incorporated,herei reference. In this exanple, fhe dc supply -
has a posi tOdIEs pRnRiRit sianad 8l et oty e %@hﬁﬂ%rolfafﬁg%m%ﬁgowvwma; a
sel ected de.ghnbf At 62: The efEL WE RIS éQQ iﬂfajrllepit Isé %g\‘)g rfor éﬁ%ﬁvﬁ"? (?liotﬁge,w th

t he power source 10 is a reversing pulse generator ere

i ncl ude a rsaxkas20bnisosscendscwiih areing detetfedde two agcessive cgoled afithe applicd

control circuit 24, for_ act Lia,ti%frg,hhe swi tch Fq%T 22. The operation of this
é plaingd wy

reversing pRAVEE JBISSARAPSEX gdeensafedigs B #d MBove- nenti oned pat ent
appl i cation. ARG : ' | ' I to
the i nput of theAsthasma ﬁg%r rl"%@r%gf’tg %B{ﬁgpg@%ﬁ%gf%gé@%%%ga '?fgt n tehat
i s char act eparion, ¢cheodpplied voltage Thlsibits s negatide ovarshestyand thediatrise natil théimextol t age
drop across_the plasma will be.on the order of ,several hundred vplts.
Hovever | ansiPpi FBRA Dl oS RORNISS B B ory 52 GPptee UL POTEn RS o1 asirm,
and exhi bi t écdedsQl feRIRndre® Roks, WhichEY @fpidal ¥PA plasthPdcaidaitn. Fvevel, ifarcid®
detect a | ow voltage condition, the circuit 1 ncludes a string of resistors

28a to 28e shenld oeguratheyoltage lgvels exhibitpdrdupiag thernegativequlssiportianof dhrcapplipdit  of
a voltage c h ( r 1 | nnect e r

vol t age sou‘?’gaelagg,&&{?gr%%ag%gﬁ tg gg‘gq ki (8%{#“"5\2“ %‘utp pu Ocﬁaxﬁxﬁ%ralg o‘r%];algé g‘?ocdrg 430
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Referring now also to Figs. 3D and 3E, the mechanical arc detecting circuit 34, the
receiver 66, and the associated logic and timing circuitry 68 to 74 sample the applied power
(Fig. 3D) during appearances of the gating window pulses 80% CLOCK (Fig. 3E). If the
applied voltage at this time is within a range that is characteristic of arcing, that is less
negative than a threshold voltage -V, then the opto transmitter 34 lights, and communicates
optically with the receiver 66. If this occurs for a single cycle only, then the pulsed dc power
continues normally. In most instances, the reverse bias pulses will clear any problem,. and
there is no need to interrupt the applied power to the plasma chamber. This is represented by
the second and third cycles shown in Fig. 3D. If there is only a single instance of arcing, then
the arc fault counter 70 resets, and the output remains low. The threshold voltage -V, . can be,
e.g., 50 volts, 100 volts, or other suitable value. '

However, if arcing is present during the pulse 80% CLOCK for two cycles in
succession, as indicated in the fourth and fifth cycles illustrated in Fig. 3D, arc fault counter
70 outputs a high level. This actuates the timer circuit 74, inhibiting the control circuit 60 and
supply control circuit 62 (e.g., 24, F 1g 1).- This action effectively shuts down the applied
power for a predetermined period (preferably, a few hundred microseconds) and applies

reverse bias for this period to rapidly kill the arc. Thereafter, the normal pulsed dc power can



An overvol tage detection and clanping circuit 36, also connected to the
Pnput of the plasma chanber |oad 12, includes a string of zener diodes 38
in series, the string being connected at one end to the positive dc power
and at the other end to an overvoltage opto transmtter, here represented
as an LED 44, a capacitor 20, a protectiv§?voltage-liniting zener di ode 42
and a resistor. The zener diodes 38 are selected so that the sumof their
reverse breakdown glta es. e uakﬁ a rqgeternined overvol tage threshol d.

Al ter nat i ve' 9Pt 3‘@‘% q?ﬂﬁgﬂiﬁ’g‘ 8 WSF@@? %oul d be enployed in lieu of the

Zener di odes, e. G this'A6odinddng, tREdSwlis st offenen tibroRarday mndolckiledlif a
connect to negative dc (- rail), I ch serves as a

8 current wiwkifpesfersady thexircuiteould be agengsd sureguisharcingRusranecyelndhips cYdefe at
the input tgo the l.0oad, 12 exce ' rrent will flow through
the string 5"8‘“8?1638'9“’38{78ﬁy‘%i%se&%EBhgér%f g&{sl?é{ri% &gﬁrﬁ%{vervol tage condition.
Al'so, the zener HeeffingidFipR,3d ovémoRgeastived76 bgmptisallykempled td the overvoltage
overvol tage threshold, and thus protects the, pulser 18 an ower sup

. : . Pl p I
as wel | as traesmtterddED dfhanautput af thesecsines 76 istieditp anginputofgh oyervplipgsdault

coat ed. Th rol, «Ci | & Fet, [
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adj ust abl e yaptieefahé avaivslnige Cailtawouaien?s BtcotpléBio an inpitef an oeervaltage fmiltsionerc e
50 and a conparator. 52 whose output generates a cI,oEK si gnal Sg(g CL . The
ranp si gnal cReuH3Q; the latsrprofadiag ah snternypt signpldg thesvyle i"%'fﬁq CyFuil (ﬁ%ﬂ%@ 153
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56. The outp arat or rovi des” a pul se signal DUTY C =
t hat gover nsudcbsiqudfihe applictd powér. tThe tineesicircwitintemiiphsigeel carehgyemttypieal dufatiohe

pul sed dc power cycle. The r enerat or 48 an he reference.volt age
divider 56 8f SOXRIRRRIE: RS kpbe &avwﬁﬁgegaﬂi}éﬂﬁ“mes bigh f Bgeeerees an
over voltage signal from the overvoltage receiver 76 after each of two successive occurrences

of the clock signal SYS CLOCK, but will remain low under all other conditions.

10,

Operation of the overvoltage detection and protection arrangement can be explained
with reference to Fig. 3C. As mentioned previously, there is a negative voltage overshoot
exhibited at the beginning of the negative voltage pulse pox"tion for each cycle of the applied
voltage. This is shown in the first cycle in Fig. 3C and is also shown in like manner in Fig. -
3B. The applied voltage can be in fhe range of about minus 50 to minus 4000 volts,
depending on the operating conditions and the plasma process involved, and the permissible
overshoot can be a large fraction of this. However, under some conditions, the plasma may
cease to be present or may behave abnormally, and the plasma chamber load 12 may present
an infinite impedance. This can create a ringing condition. In that case, as shown in the
second and third cycles in Fig. 3C, voltage excursions well beyond the permissible range may
occur. In this case, the zener string 38 can be selected to have an ovérvoltage threshold Vgy
on the order of a thousand to a few thousand volts. When the applied voltage appearing
across the load 12 exceeds this threshold V, the overvoltage transmitter 34 becomes lit, and
the overvoliagé receiver 76 sends a high level to the overvoltage fault counter 78. If an
overvoltage condition is present for only a single cycle, the control circuit 60 (24, Fig. 1)
continues to switch normally, and in most instances, the overvoltage problem will clear itself.

However, if the overvoltage condition is present for two cycles in succession, then the timer



conponents, but it is to be understood that these could be digitally

i nmpl enented and adj usted by neans of software. The pul se signals SYS CLOCK
and DUTY CYCLE are supplied to inputs of a switch control circuit 60 or
pul ser. This generates a pulse signal that is applied to a power supply
control circuit 62 and defines the positiyg and negative pulse portions of
t he pul sed dc power, as shown e.g., in Fig. 3A. The control circuit 24
suppl-ies controlled gating voltage to the switch transistor 22 (Fig. 1).
The circui t 8¢ commpnitatey &n indikit soanhand B tabsth 0 switchlcofirsl iredit 6m(2H| Big. D
Here, a mechanical arc receiver 66 includes a photo sensor that is
optically coupled to the opto transmtter 34, and in practice the two

el enment s caandthe gupitngerdrol 62.cant dhe appliedpaperds intestuptedrforithe ipoadetermineditimet  of

th i 6 t i t of d t. Ci it,68. tim
compar ator - meneRatePed o latiely g Rameromul GefupleH and Fevers? bigs Forlie
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predet erm ned portion of the negative pulse portion (e.g., 80 percent) of
the pul-sed duerpoltage condilien ispsesentfpsiyd cytles igataw gndihegmisepwilbds@odhabl OEK i s
fed to another.input. of the arc detect circuit, 68. ' The output of the arc
ot ect oi vl ohaEPaRE etifinatnts, T SpeBet Gl be e sheh Biotatyelh MIBEEIshe
appl i ed vol §pgfwiRP adéd &@ledbout SFW| asma chanber |oad 12 is | ess negative
than the predeterm ned negative threshold. The arc detect output is applied
to an arc fault Hetangein asivwiththe meohanitabargingasietestigmand mytect@noakerithe ingastupt d
to a clock | 0 er Ci Lol ton7 . :
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the arc fault cqunter 70 is high, and thi s produces an inhibit signal SD
that is fed XOTHAR AP SHCEERYTGLles Wb arding0 and the power supply



control circuit 62. The effect .of this is to interrupt the pul sed ower
for a period of tinme, such as 200 m croseconds, mwﬂﬁmﬁﬁgd I n
two successive cycles of the applied power. This can be e ' Nh’
reference to Figs 3B and 3D. As shown in Fig. “m\mi\wm |,
stabl e conditions for each negati ve-goi ng pul se por'_ti\ an appl i ed

vol tage exhibits a negative overshoot, a %i then a ris€ until the next

successive reverse bias (positive) pulse. In this case, the negative pul se
portion al €gimsxceeds a few hundred volts, which is typical of a plasma

condi tion. However,, if arcing shoul d occur : A 4 ed
duri IngI t helnea@e[’c\{ﬁﬁfél ‘%%FB‘&“I gPB?lcueéls"Y %Hbﬁﬁ%ggy%Eﬁgaﬁg%éﬁ{é egxnﬂa???ie{rl I'n
effect an arc ocgcurring in the pl : '
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t he chanmber 12. . ' taf. 3D and- 3E, the

mechani cal aaspi)sgg{eegltﬁh?}q{g%%%rpgogl%\ﬁsﬁgﬂ}%%gﬁtgf 66, and the associated

| ogi d tin S | ¥arsaid-Cloambe) at
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appl i ed voltpde afat tAlises ndBleiohs Hohdpresent Bngsdichambes to fimpingeon $he c of

. arcing, th&t s Iess negati1ve than a threshold yol:t%?e -Verr], then the

- opto transihidetko IpultbOlivay stomsoisaidiageemateridlcil ydingtapplyiagracpelsger
66. If this curs'for a single cycle only, then the puls dbggl&%reé
conti nues navEforin to saidwariget asa@muwermhmdrm%reﬁéhlﬂyﬁk %ﬁw Wd&s ar
any problem and there is no need to interrupt the fﬁg’%kl d.eo r to.th
pl asma charfgrativehicltdge petioasstra predeterntined sesaldve kelat E%F%‘él %"rﬂf&n in
Fig. 3D. If there is only a_single instance of arcing, then th t
counter 70 ambatpsedetermired Grst pudser wigthnand g\postihye Yﬁlrt%%?‘lgqv&i }}%Pﬁgééé S
-V[err] can be, e.g., 50 volt{s,, 100 vol ts, or.other suitable val ue.
However , ifarmdﬁmy?as)rpql%@mn%ﬁcﬁ&dt s‘?)mlgg"%% CLOCK for two cycles in

o o L A el S i
i it 74, inhibi.ting,.t t ' ' \ R ' it 62
(e o 2a padit 30 apRlied Yoy opfld F P Snffted e appﬂ!t%? LS‘%{[
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the normal  pyl SedivilGREUE théRButomatically interrupting said dc voltage; and

sensing the applied voltage between said target and anode for arcing ata

predetermined window interval during each said negative pulse portion, and if
said applied voltage is in a range of voltages characteristic of arcing in said |
window intervai over a predetermined plurality of successive cycles, then

automatically interrupting said dc voltage.

2. The pulsed dc sputtering process according to claim 1, wherein said step of
sensing the applied voltage for overvoltage includes clamping said applied
voltage at said ovérvoltage threshold when said applied voltage reaches or

exceeds said threshold.

3. The pulsed dc sputtering process according to claim lor 2, wherein for said



10 resunme and be applied to the plasma chanber. " In this enbodi ment,

the dc power is shut off when there is arcing in two czﬁlmumllmnumum
preferred, the circuit could be arranged to require ardl e,
three cycles in succession, three cycles out of five,. or*sdme‘otHer®schene.
Returning to Fig. 2, an overvoltage receiver 76 is optically coupled to the
overvoltage transmtter LED 44. An outpui3of the receiver 76 is tied to one
i nput of an overvoltage fault counter circuit 78, and the, cl ock,sj SYS
CLOCK i's a@ﬂépicﬁ%eheir@ the liedmnltageefogmerwléagﬁatswfpwﬁeﬁ‘m“{%%P@)gjaf‘ ge
fault counter 78 is coupled to an input of an overvoltage fault tiner
circuit 80oftchelesds two qyctas i sugcessiomt errupt signal to the switch control
circuit 60 (e.g., 24, Fig. 1) and the supply circuit 62 whenever an
overvoltage condition is present for two cycles in succession of the
applied power. The tiner circuit interrupt ,si . '

duration of4. 2Dbe pulseddcsptering,prapess g 8?'?\%&61&8\?‘2‘?1\7%;639% ﬁ%ﬁlb?ﬁgogu nt er

goes high if_ it receives over. ol t f ived HhRaalit
recei ver 7&aid step @é@ﬁs%at?\ﬁ&p?&'(?&le Qsl% %’gﬁgbéh%éég‘%?a?tﬁgﬂcl ocﬁ- Si gr?al

SYS CLOCK, but will remain | ow . al |l other conditions.

Qper ati on '&#W?@Wéﬂ%??ﬁﬁ%%%&%%?%lgﬁ' and protection arrangenent can be
explained with reference to Fig. 3C. As nentioned previously, there is a
negati ve vol tage overshoot exhibited at the beginning of thehne at i‘lve

vol t age pul se \pQr tL.i.L Bfingwhéreth & plasmz chamosr hgusgdsown
in the fi rsf‘ &/gﬁ’i‘%ﬁmp%a“%@kéﬁs* gcgplslg sh%wn in Iigla manner, in Fig. 3B
The appl i edy g4 a9 Gulte idhd 4 earpanandthrg omateriahissBltered o 5244000
vol ts, depending dn the operating conditions and_ the plasma process

i nvol ved, apgodthhdoRr depositel @nosatd shbstrateaoomprisingr ge fraction of this.
However, undeg sonme conditions, the plasma my _éease to be .ﬁre§ﬁgé E{amay
behave abnor mal | y pulsed ddpowensupplyrappiging 5! ﬁmﬁ&&a&egé% ¢ VRHBRF Rite
i npedance. This can create a ringing condition,.ln th in
the second pretetérminedyeveldhahcaisgs aa@,asmmfﬁb‘é’l%%ﬁ#@%mfﬁ geyg\r‘%g t he

perm ssi bl eir;l;g?;e Eggn said target with sufficient energy to free said target material from

said target such that the farget material deposits itself on the substrate, including
periodic reverse biasing means for applying said negative voltage to said target
at said predetermined level for pulse intervals of a predetermined pulse duration
and applying pulses of a positive voltage to said target relative to said anode
between the occurrences of said negative Voltage so that adjacent pulses-of said
negative voltage and said positive voltage define a cycle havin_g a predetermined
rate,
overvoltage protection means for sensing the applied voltage between said
target and anode and if said applied voltage exce_eds a predetermined negative
ovefvoltage threshold during said negative voltage portion over g,predeterm_ined
plurality of successive cycles, then automatically interrupting said dc voltage;
and
arc elimination means for sensing the applied voltage between said target

and anode for arcing at a predetermihed window interval during each said



occur. In this case, the zener string 38 can be selected To have an
overvoltage threshold V[err] on the order of a thou me ousand
volts. When the applied voltage appeari ng across t M “ ‘“\ this
threshold V[err] the overvoltage transmtter 34 be ~t, *and t he
overvol tage receiver 76 sends a high level to the_overvoltage fault counter
78. If an overvoltage condition is preseﬁf1 for only a single cycle, the
control circuit 60 (24, Fig. |) continues to swtch normally, ﬁgd i n nost

i nstances, repatio¥ umlpmmmandhﬁamdnapplwdemltagegélmarﬁﬁ&%@i?m £°% he

overvoltage condi ?I on is present for two,c in suc 5| o

timer I charactexﬁﬂzc:ofratmngan 5ealdawmdnw bn{ef%’grﬁf‘ﬁﬁ@ E?S | H’Hals‘thhggh
control circuit 60 (24, Fig. 1 t S cont,ro

appl i ed poweccessivecycles,then wﬁl@ﬁégé}’ F‘é‘%ﬁ“ﬁe’*& ‘Fflﬁé( rlrfgéf .aﬁﬁd“é’&’liﬁnﬁ a
above. Alternatively, the power, coul d. be i nd reverse b| as

appl i ed forreversetbias veliage & %;dta]:gqtgb el’f‘% dr’?%téﬁ?gocgnbodl ment the power
will be shut off if an overvoltage condltlon is present for two cycles in a
row, and the pul ser will also be held off. In other possible enbodi nents,

ot her schengs 'ﬁgu Msg}d{, geﬁleﬂgﬁggé} fd@lalﬁlh%e\ﬁ Epbin Sidi svervolage Or

three cycl e nechani cal arcing

det ecti on and ot ection, ﬁh—@ﬁh saideipplisdnesitdpe dthe

timer circuPfotegon H'bea%r\?&s}l?igé d?ﬁ)i‘[r@z@é%ﬁ@for% gal Z)mr eeitjineigznor mal

oper ati ons, ' I f ds\nqg@srleaehesymi@& $ bai

overvol tagesaéaa}&w(gl&% of ?\gA}g‘ﬁgl}’g@@gg?@ea ycles with arcing. o
threshold.

7. The dc plasma arrangement according to claim 6, wherein said overvoltage
protection means includes a series stack of zener diodes connected between

output terminals of said pulsed dc power supply.

8. The dc plasma arrangement according to claim 6 or 7, wherein said
overvoltage protection means includes an opto transmitter coupled between said
stack of zener diodes and a current sink, an opto receiver optically coupled to
said transmitter, and circuit means actuated by said opto receiver to interrupt said-
dc power supply when said opto receiver indicates an overvoltage for said

plurality of successive.cycles.

9. The dc plasma arrangement accbrding to any of claims 5 - 8, wherein said arc
elimination means includes a voltage comparator having an output and inputs
coupled to an output of said dc power supply and to a reference voltage source,
an opto transmitter driven by the output of said comparator, an opto receiver
optically coupled to said transmitter, window timer means for generating a

window signal during the predetermined window interval of each said negative



12 Cainms: 1. A pulsed dc sputtering process wherein a tar i IS
sputtered froma conductive target in a plasma chanbe mm‘&mm‘gﬂ\mted
material is deposited on a substrate in the chanber,, oA¥IKI"SH AUwt Ne st eps
of ~ applying a dc voltage between said target and an anode in said
chanber at a level that causes noble gas ions present in said chanber to

i npinge on the target to sputter away atolfs of said target material,

i ncl udi ng applying a pul se waveformto said target at a predeterm ned rate,
each cycl e milsepoetion ofletcle cyele) begit ineansotdugded postidosptatreceiverdrnd said ned
negative level relative to said anode and a predeternmined first pulse

wi dt-h, and windoswtimer meians der detecting ovhathersdid charatteristievaltageis present
predet erm ned second pul se w dth; . sensing the applied voltage

bet ween sajduning gaid window datervalr fosseid predetprminad plurality of cyplesi ad vol t age
exceeds a predeterm ned negatiye overvoltage threshold durinpg, said
negative volteigupissmeans eoupled topaigdogicmeans Serikerruptipg sa Powiel e

cycles, then aytomatical,ly interrupti said dc voql tage;. and .

sensing t neSuRply veken, i chararieriad velifae isprrsentiuring sid Window dntegvak o

predet er m ngd vvl&Pdovai nt ervgl duri.n ach sai d negative pul se portion, and
risaifl pEY inl

if saida elermined; urality pf £y, ®Sol t ages characteristic of arcing

in said wndow interval over a predeterm ned plurality of successive
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2. The pulsed.dc sputtering process accordin [ [ [

_ _ g toclaiml, wherein said
of I;ensmg the applied voltage for overvoltage includes clanping sa:d step
applied voltage at said overvoltage threshold when said applied voltage

reaches or exceeds said threshold 3. The ;
: . - : ul s
according to claim1 or 2, wherein for i d p ed dc sputtering process
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sput t eri ngPpr BOWER SHEBFYing to claim 1, 2, or 3, wherein for said step of

sensi ng t h4bsiP@es ed vol t age for arcing, said ' -
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pulse portion will reduce or eliminate sources for arcing in most cases. To
combat stiéky or persistent arcing, the negative pulse portion is monitored. If,
during a window portibn of the negative pulse portion, a mechanical arcing
detéctor (30) senses that the applied voltage has fallen into a range characteristic
of arcing for two successive cycles, then the applied power is interrupted for a
period, e.g., 200 microseéonds, and reverse bias is applied. An overvoltage
detection and clamping circuit (36) monitors the-applied voltage for extreme
voltage excursions, and if an overvoltage threshold is exceeded for two
successivé cycles, the applied power is interrupted. The overvoltage detection
and clamping circ_:\iit can comprise a string of zener diodes (3 8) or equivalent
| voltage limiting devices connected to the applied voltage. This circuit (36)

absorbs the voltage excursions beyond the threshold and protects the power

supply and the substrate in the plasma chamber.
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predeterm ned | evel that causes a plasma of noble gas ions in said chanber
to inpinge upon said target wwth sufficient energy to free said target
material from said target such that the target material deposits itself on.
the substrate, including periodic reverse biasing nmeans for applying said
negative voltage to said target at said predetermned |evel for pul se
intervals of a predeterm ned pulse durajjygn and applying pul ses of a
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6. The dc pl asma arrangenent according to claim5, wherein said overvoltage
protection neans includes clanping neans for clanping said applied voltage
at said overvoltage threshold when said applied voltage reaches or exceeds

said threshol d.

7. The dc plasma arrangenent according to claim 6,

wherein said overvoltage protection neans includes a series stack of zener
di odes connect ed between out put term nalss,of said pul sed dc power supply.

8. The dc plasna arrangenen

overvol tage protecti
sai d stack of zener

coupled to said tran;nﬂi
receiver to interrupi
i ndi cates an overvol

The dc plasm arrawé
arc elimnation @kd
i nputs coupled to an o
vol t age source,
conparator, an opto rece
w ndow tinmer nmeans for g
predet er mi ned @i ndow i ffi3e

O

\

r‘|Q|mRn

g 243

T O

des an opto transmitter
a qurrent sink, an_opto rec

-
Ot T,

nd clircuit
[ supply
Litly

ans actuated py
whensa-d opt

ofg s

of <€lifms 5 -
conpar at or

essi v

ha

ly cpupled to said
wi ndow si gnal g\rlr he
val of each saig|nedgti/g& ™ ®
<tEECJ£ta ,/

wherein said
coupl ed between
i ver optically

transmtt

—
-
&)
3 w 7S
2 = k5 '
=Z. . S % -
n <o — Q:E —d o]
< < — —~
O o EQq
& = Z25
- . . |_|>_|L‘_ov
1 | |8"8
N\ 1T\ : N\ 4 .
X v
Ivo)
53 ™~
O .
3R
N
3 = B r~
1+ L+
|I-‘ -
N 1 g o
o £ 0 =
o o = O
>
I ety ( 7
©
a. Eg © =
2 9
[Te)
i oo .‘
o <+ )
o '
. E%:EEE |/ ]
S0
=
A
<<



15 pul se portion of each cycle, |ogic nmeans coupled to said opto receiver
and said wi ndow tiner neans for detecting whether said characteristic
voltage is present during said window interval for said predeterm ned
plurality of cycles, and interrupter neans coupled to said | ogic neans for
interrupting said dc power supply when said characteristic voltage is
present during said window interval for3g3id predetermned plurality of -
cycl es.
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