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RESISTIVE HEATING OF POWERED COIL TO REDUCE 

TRANSIENT HEATING/START UP EFFECTS 

BACKGROUND OF THE INVENTION 

The present invention relates to apparatus and methods for 

processing semiconductor wafers or other semiconductor workpieces, in a 

chamber containing a plasma created to ionize a deposition material or etch 

a workpiece. 

Certain semiconductor device fabrication procedures include 

processes in which a material is sputtered from a target onto a workpiece, 

such as a semiconductor wafer or a group of semiconductor wafers, in the 

presence of a plasma that ionizes the sputtered material. Material is 

sputtered from the target, which is appropriately biased, by the impact of ions 

created in the vicinity of the target. 

The workpiece is mounted on a support and may be biased to a 

potential selected to attract the sputtered, ionized material to the workpiece. 

Typically, the sputtered material once ionized, is composed of positive ions 

and the workpiece is negatively biased. 

There are several known techniques for exciting a plasma with RF 

fields including capacitive coupling, inductive coupling and wave heating. In a 

standard inductively coupled plasma (ICP} generator, RF current passing 

through a coil which is located within the chamber induces electromagnetic 

currents in the plasma. These currents heat the conducting plasma by ohmic 

heating, so that it is sustained in steady state. As shown in U.S. Pat. No. 

4,362,632, for example, current through a coil is supplied by an RF generator 

coupled to the coil through an impedance matching network, such that the 

coil acts as the first windings of a transformer. The plasma acts as a single 

turn second winding of a transformer. 

As described in copending application serial No. 08/680,335, entitled 

ncoils for Generating a Plasma and for Sputtering:' filed July 10, 1996 
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(Attorney Docket# 1390CIP/PVD/DV) and assigned to the assignee of the 

present application, which application is incorporated herein by reference in 

its entirety, it has been recognized that the coil itself may provide a source of 

sputtered material to supplement the deposition material sputtered from the 

primary target of the chamber. Application of an RF signal to a coil coupled to 

a blocking capacitor can cause the coil to develop a negative bias which will 

attract positive ions that can impact the· coil, causing material to be sputtered 

from the coil. Because the material sputtered from the coil tends to deposit 

more thickly at the periphery of the workpiece area, the center thick tendency 

for material sputtered from the primary target can be compensated by the 

edge thick tendency for material sputtered from the coil As a result, uniformity 

can be improved. 

One problem encountered in the operation of apparatus of the type 

described above is that variations occur in the manner in which the sputtered 

material is deposited on the workpiece during operation of the apparatus 

over a period immediately following startup of the apparatus. As a result, 

processing of the first several workpieces may not be satisfactory, even 

though sputtering material has been consumed, as has a portion of the 

operating life of the apparatus. 

BRIEF SUMMARY OF THE INVENTION 

It is an object of the present invention to ameliorate this problem. 

A more specific object of the invention is to assure satisfactory 

processing of all workpieces following startup of such apparatus without 

unnecessary loss of valuable wafers, consumption of sputtering material and 

without shortening the useful life of the apparatus. 

It has been recognized by the present applicant that the unsatisfactory 

processing of workpieces during performance of procedures of the type 

described above immediately following startup of the processing apparatus 

is due in significant measure to variations in the operating characteristics of 
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the coil as it heats up from ambient temperature, i.e., the temperature of the 

coil prior to startup of the apparatus, to its stable operating, or equilibrium, 

temperature. Specifically, it has been found that the relatively slow 

temperature ramp of the coil to its equilibrium temperature at the initiation of 

a sputtering process, such as a deposition process, causes the coil to 

radiate a nonuniform level of heat energy as the coil temperature rises, 

resulting in variations in the deposition properties for those workpieces 

sputtered during the temperature ramp-up of the coil. 

The above-described problem is addressed, and the above and other 

objects of the invention are achieved, by resistively heating an RF coil 

disposed within a vacuum chamber between a target and substrate support 

to a target temperature which is preferably at least its equilibrium 

temperature, while preventing any sputtering from occurring in the chamber. 

After the coil has been thus heated, sputter deposition can be initiated for a 

first workpiece placed in the vacuum chamber. 

In preferred embodiments, a DC power source may be used to apply 

current to the coil to heat the coil to at least its equilibrium temperature. The 

duration of the resistive heating operation can be determined by preliminary 

measurement of the time required for the coif to reach its equilibrium 

temperature in the vacuum chamber. Then, at the time of startup of the 

apparatus for performing a sputtering operation, the coil may be resistively 

heated for this measured period of time. 

Alternatively, according to a further novel feature of the invention, the 

coil may be resistively heated by a suitable heating current until it reaches a 

temperature at which it begins to radiate a substantial amount of infrared 

energy. At this coil temperature, it is believed that the equilibrium will be 

reached in which the emitted radiation will automatically balance the resistive 

heating energy supplied to the coil so that its temperature will remain 

constant at a value somewhat above the above-mentioned equilibrium 

temperature associated with the sputtering procedure. If the resistive heating 
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current is than replaced by the RF current which to be employed for inductively 

coupled plasma generation, the coil can cool relatively quickly to the 

sputtering equilibrium temperature. 

In accordance with the invention, sputtering is preferably prevented 

from occurring in the chamber during startup heating of the coil by preventing 

a plasma from being created until the coil has reached its equilibrium 

temperature, or possibly its radiation temperature. Plasma creation may be· 

prevented by effecting the resistive heating with either a DC current or an ac 

current at a frequency below that which will ignite a plasma, or by maintaining 

the atmosphere in the chamber at a sufficiently low pressure, of the order of 

milliTorrs, to prevent plasma ignition regardless of the magnitude and 

frequency of the heating current applied to the coil .. 

Accordingly, by pre-heating the coil to at least its equilibrium 

temperature according to the present invention, variations in the results of the 

sputtering process are alleviated. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

Figure 1 is a schematic diagram of a preferred embodiment of 

apparatus for implementing the present invention. 

Figure 2 is a circuit diagram of a part of a modified form of construction 

of the embodiment of Figure 1. 

Figure 3 is a schematic diagram of a second embodiment of 

apparatus for implementing -the present invention. 

Figure 4 is a graph illustrating variation in coil temperature vs. time 

during the course of heating operations according to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Figures 1 and 2, an example of a plasma generator 100 to 

which the invention may be applied comprises a substantially cylindrical 

plasma chamber 102 in which a suitable vacuum can be established. The 
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plasma chamber 102 of this embodiment contains a one-turn or multiple-turn 

RF con 104. Radio frequency (RF) energy from an RF current generator 106 is 

radiated from the RF coil 104 into the interior of chamber 102 to ignite and 

maintain a plasma therein when an ionizable gas is present at a sufficient 

pressure in chamber 102. The RF generator 106 is preferably coupled to the 

coil 104 through an amplifier and impedance matching network 118. The 

other end of RF coH 104 is coupled to ground, preferably through a capacitor 

120 which may be a variable capacitor. 

A rotating magnet assembly 116 provided above a sputtering target 

11 O produces magnetic fields which sweep over the face of the target 11 O to 

generate ions adjacent target 110 and to promote uniform erosion of the 

target. The target 11 O is negatively biased by a DC power source 111. The 

magnetic fields of the magnet 116 produce an ion flux which strikes the 

negatively biased target 110 positioned at the top of the chamber 102. The 

ions produced by the magnet assembly 116 eject, or sputter, material from 

the target 110 onto a substrate, or workpiece 112, which may be one or more 

semiconductor wafers or other workpieces and which is supported by a 

substrate support 114 at the bottom of the chamber 102. In alternative 

embodimentst the coil 104 may also be a supplementary source of material 

which is sputtered onto the substrate 112. 

The substrate support 114 may be negatively biased by an AC (or RF 

or DC) source 121 so as to externally bias the substrate 112. Alternatively, 

external biasing of the substrate 112 may optionally be eliminated. 

The atoms of material ejected from the target 11 Ot and possibly also 

from coil 104, are in turn ionized by the plasma being energized by the RF coil 

104 which is inductively coupled to the plasma. The ionized deposition 

material is attracted to the substrate 112 and forms a deposition layer 

thereon. 

The copending applicationt entitled "Coils for Generating a Plasma 

and for Sputtering," supra, describes how a coil which sputters material onto 
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the substrate may be positioned and disposed within a vacuum chamber to 

improve uniformity of deposition, and describes additional details about the 

vacuum chamber, RF generator, plasma field, etc. 

Figure 1 shows one preferred embodiment of circuitry for pre-heating 

the coil 104 prior to deposition processes. During pre-heating, a workpiece 

112 may or may not be provided on the substrate 114. In either event, it is 

preferred that no plasma be produced, and hence no sputtering occur, during 

pre-heating. Coil 104 is resistively pre-heated by a pre-heating current from a 

power source 130, which is shown as a DC power source. Source 130 is 

connected to the ends of coil 104 by a double pole switch 132. Closing and 

opening of switch 132 may be controlled by a timer 134. During pre-heating, 

switch 132 is closed to couple power from power source 130 to the coil 104. 

According to one embodiment of the invention, prior to performing 

deposition, etching or other processes, for each given coil 104, a 

determination will be made of the time required for such coil 104 to reach its 

equilibrium temperature when the coil is being heated by power from source 

. 130, referred to herein as the "predetermined pre-heating time.,, Timer 134 

can then be programmed with the predetermined pre-heating time. After 

heating current has been applied to the coil 104 for the predetermined pre­

heating time, the timer 134 opens switch 132 and may, at the same time, 

activate RF source 106, as well as sources 111 and 121. 

In alternative embodiments, there may be no timer. Instead, the 

operator may open switch 132 after having determined that DC current has 

been applied to the coil 104 for a sufficient pre-heating time. 

As an alternative to the arrangement shown in Figure 1, power source 

30 may be omitted and either one of sources 111 and 121 can be connected 

to switch 132 in place of source 130. During pre-heating, the selected one of 

sources 111 and 121 would be connected in the manner shown in Figure 1 

for source 130. This arrangement would be appropriate if the source 111 or 

121 has the capability of supplying the required pre-heating current. In this 

6 



~···~~·· 

W.O 9.9./14790 PCT/US98/19165 

case, when switch 132 is opened, the source employed for pre-heating 

would still be connected to supply a bias voltage to its associated 

component. 

According to a further alternative, illustrated in Figure 2, either source 

111, as shown, or source 121 can be connected to the fixed contacts of 

switch 132, while coil 104 is connected to one set of switchable contacts of 

switch 132. Target 110, as shown, or workpiece support 114, and ground are 

connected to the other set of switchable contacts of switch 132. With this 

arrangement, a biasing voltage will not be supplied to target 110, or to 

workpiece support 114, until the pre-heating phase has been completed. 

Figures 1 and 2 illustrate embodiments in which resistive heating is 

effected by supplying a direct current to coil 104. In this case, chamber 102 

can already contain an ionizable gas, such as argon, at a pressure sufficient 

to permit ignition of a plasma. However, a plasma will not be ignited as long 

as coil 104 is being supplied with a direct current. Alternatively, pre-heating 

can be effected by supplying an alternating resistive heating current to coil 

104. If chamber 102 then contains an ionizable gas at a sufficient pressure 

to permit a plasma to be ignited, then the frequency of the alternating pre­

heating current should be made less than that which is required to achieve 

such plasma ignition. In one type of chamber at a pressure of 10 mTorr or 

lower, a plasma will not be struck or maintained at a frequency below 

approximately 2 MHz. This minimum frequency will vary depending upon the 

chamber pressure and the geometry of the particular coil and chamber. 

If, on the other hand, the gas pressure within chamber 102 is 

sufficiently low that a plasma could not be ignited even if a current of relatively 

high frequency were applied to coil 104, then the pre-heating current can have 

any arbitrarily selected frequency and can be at the plasma ignition frequency. 

As noted above, for many applications, a pressure of 10 mTorr or greater is 

often needed to permit striking or maintaining a plasma. Here again, the 

minimum chamber pressure will vary depending upon other chamber 
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conditions and characteristics. 

Figure 3 illustrates such an embodiment in which the coil 104 is pre­

heated from the RF power source 106 which also serves to subsequently 

apply RF current to the coil 104 during sputter deposition processes to 

energize a plasma field. In Figure 3, timer 134 is coupled to the RF power 

source 106. The timer 134 is activated when power source 106 is turned on 

and is programmed to generate a signal upon completion of the 

predetermined pre-heating time. This signal informs the operator that 

plasma generation and workpiece processing can proceed. In response to 

this signal, the necessary quantity of ionizable gas required to generate a 

plasma will be introduced into chamber 102. 

As noted earlier herein, generation of a plasma requires that the 

chamber contain a suitable gas at a sufficiently high pressure and that coil 
104 be supplied with power at a sufficiently high frequency. In the case of the 
embodiment shown in figure 3, pre-heating is effected by supplying coil 104 

with RF power at such sufficiently high frequency. Therefore, when pre­

heating is performed by the apparatus illustrated in Figure 3, the pressure in . 

chamber 102 is kept sufficiently low to prevent plasma ignition even in the 

presence of the RF field being produced by coil 104. At the completion of pre­

heating, indicated by the above-noted signal, the operator will perform the 

conventional operations necessary to raise the gas pressure in chamber 102 

through a valved inlet 136 to a level sufficient to permit plasma ignition. 

In alternative embodiments, the operator can apply the RF current to 

the coil 104 during pre-heating processes and after a certain period of time, 

stop applying RF current. The operator will then position the workpiece 112 

on the substrate 114 to begin sputter deposition processes. 

Figure 4 provides a chart showing the course of three pre-heating 

processes according to the invention. According to the first of these 

processes, described above with reference to Figures 1-3 and represented 

by curve 202, the coil 104 is pre-heated during the pre-heat interval to the 
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predetermined equilibrium temperature under conditions which assure that a 

plasma can not be ignited. After the pre-heat interval, a workpiece is placed 

on the substrate, the conditions necessary to ignite a plasma are established 

and the sputter deposition process begins. In typical situations. the coil does 

not have to be reheated separately for each workpiece because sputtering of 

material onto the next workpiece is initiated before the coil can cool 

substantially. 

According to a second pre-heating process according to the invention, 

represented by curve 204, the resistive heating current supplied to coil 104 

has a sufficient intensity to heat coil 104 to a target temperature at which it will 

begin substantial radiating. This target temperature is above the equilibrium 

temperature. Attainment of the radiation temperature can be verified simply 

by visual observation of the coil, which will glow when it is radiating, or on the 

basis of preliminary measurements to determine the time necessary, at the 

selected resistive heating current, for the coil to be heated to its radiation 

temperature. 

After coil 104 has reached its radiation temperature, the pre-heating 

current will be replaced by an RF current at the power level required to ignite 

the desired plasma, at which time the temperature of coil 104 will rapidly 

decrease to the equilibrium temperature. 

In a third embodiment, as represented by curve 206, the coil may be 

pre-heated to a target temperature which is below that of the process 

equilibrium temperature. In this arrangement, the coil would be heated up 

the remaining amount to the process temperature once the deposition 

process began. 

If the pre-heating process represented by either one of curves 202, 204 

or 206 is performed by supplying the coil with RF power at a frequency 

sufficient to permit plasma ignition, then this process is preferably performed 

while the pressure in chamber 102 is sufficiently low to prevent plasma 

ignition. 
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Thus, by bringing the coil to its equilibrium temperature (or at least to a 

target temperature which is preferably near the equilibrium temperature) 

under conditions which prevent the ignition of a plasma, it is possible to avoid 

unnecessary consumption of sputtering material and shortening of the useful 

life of the apparatus, or at least shortening of the time between maintenance 

operations, and to avoid the processing of workpieces which would then have 

to be rejected. 

The invention is applicable to any apparatus and method in which the 

plasma generating coil is disposed within the processing chamber and in 

which the inductively coupled plasma serves to ionize deposition material 

from a source for delivery to a workpiece or to etch a workpiece directly. Such 

processes include deposition processes, such as physical vapor deposition, 

and etching processes, such as reactive ion etching, inter alia. 

It would also be possible, in the practice of the present invention, to 

employ a temperature detector within chamber 102 to determine when coil 

104 has reached its target temperature. However, in many processing 

operations of the type contemplated by the present invention, such a detector 

would be exposed to the plasma produced during workpiece processing, so 

that its temperature sensing surfaces would be either coated or eroded. 

Therefore, if a temperature detector is employed, it should be of a type which 

would not be adversely affected by the conditions within such a processing 

chamber could be employed. For example, a temperature sensor could be 

built into coil 104 although, in the present state of the art, this would represent 

an increase in the structural complexity and manufacturing cost of the coil, 

which would probably be unwarranted since the conditions necessary to 

bring the coil to its equilibrium temperature or its radiation temperature can 

be determined in a relatively simple manner. 

However, a temperature detector can be mounted on a coil during 

preliminary testing operations performed to determine the time required for 

the coil to reach its target temperature when a particular pre-heating current 
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is being applied. If. th~ same or similar coil is to be subsequently employed 

for generating a plasma, the temperature detector would preferably be 

removed after the necessary test measurements have been obtained. 

The time interval needed to heat the coil will vary depending upon the 

current level of the current source and the resistance of the coil. For many 

applications, it is anticipated that the time interval may range from 3 to 7 

minutes, for example. 

Similarly, the target temperature for pre-heating the coil will vary, 

depending upon the temperature of the coil during actual processing. 

Suitable target temperatures for many sputtering applications may range 

from 400 to 500°C, for example. 

After a pre-heating process is conducted in accordance with the 

present invention, the coil temperature will not have to gradually increase to 

equilibrium temperature during ensuing sputter deposition processes. By 

avoiding such gradual temperature increases, the problems associated with 

radiating energy during the temperature ramp, which adversely affects the 

deposited film properties, are avoided. 

It will, of course, be understood that modifications of the present 

invention, in its various aspects, will be apparent to those skilled in the art, 

some being apparent only after study others being matters of routine 

mechanical and electronic design. Other embodiments are also possible, 

their specific designs depending upon the particular application. As such, 

the scope of the invention should not be limited by the particular 

embodiments herein described but should be defined only by the appended 

claims and equivalents thereof. 
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1. In a method for delivering ionized material to a workpiece within 

a processing chamber, which method includes applying RF current to a coil 

within said chamber to generate an RF field which produces a plasma, 

application of said RF current to said ·con being effective to raise the 

temperature of said coil, the improvement comprising: before producing said 

plasma, resistively heating said coil to raise the temperature of said coil 

while preventing the production of a plasma. 

2. The method of claim 1 wherein said step of resistive heating 

raises the temperature of said coil to be within the range of 400-500° C prior 

to production of said ·plasma. 

3. In a method for delivering ionized material to a workpiece within 

a processing chamber, which method includes applying RF current to a coil 

within said chamber to generate an RF field which produces a plasma, 

application of said RF current to said coil being effective to establish an 

equilibrium temperature in said coil, the improvement comprising: before 

producing said plasma, resistively heating said coil to bring said coil 

substantially to said equilibrium temperature while preventing the production 

of a plasma. 

4. The method of claim 3 wherein said step of resistive heating is 

performed for a predetermined period of time; 

5. The method of claim 3 wherein said equilibrium temperature is 

in the range of 400-500° C. 

6. The method of claim 4 wherein said step of resistive heating 
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comprises supplying DC current to said coil. 

7. The method of claim 4 wherein said step of resistive heating 

comprises supplying ac current to said coil, said ac current being at a 

frequency which is lower than a frequency capable of igniting a plasma in 

said processing chamber. 

8. The method of claim 4 wherein said step of resistive heating 

comprises supplying ac current to said coif, said ac current being at a 

frequency capable of igniting a plasma and further comprising maintaining a 

pressure within said process chamber lower than a pressure which enables 

ignition of a plasma. 

9. The method of claim 3 wherein said step of resistive heating is 

performed to heat said coil to a temperature above said equilibrium 

temperature at which said coil begins to emit infrared radiation. 

10. The method of claim 9 wherein said step of resistive heating 

comprises supplying DC current to said coil. 

11. The method of claim 9 wherein said step of resistive heating 

comprises supplying ac current to said coil, said ac current being at a 

frequency which ·is lower than a frequency capable of igniting a plasma in 

said processing chamber. 

12. The method of claim 9 wherein said step of resistive heating 

comprises supplying ac current to said coil, said ac current being at a 

frequency capable of igniting a plasma and further comprising maintaining a 

pressure within said process chamber lower than a pressure which enables 

ignition of a plasma. 
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13. The method of claim 3 further comprising igniting a plasma and 

applying a DC bias to a sputtering target in said processing chamber after 

completion of said step of resistive heating. 

14. The method of claim 13 wherein said step of resistive heating 

comprises operating a switch to supply DC current from a source to said coil 

and said step of applying a DC bias comprises operating said switch to 

supply DC current from said source to said sputtering target. 

15. An apparatus for delivering ions to a workpiece, comprising: 

a vacuum chamber; 

a coil disposed within said vacuum chamber, said coil having a 

resistance; 

a current source coupled to said coil for applying a first current to said 
coil wherein said coil is heated by resistance to said. current and wherein 

said first current is one of direct current and alternating current at a frequency 
below a minimum frequency necessary to maintain a plasma in said 

chamber; and 

an RF voltage source coupled to said coil for applying a second current 

to said coil to generate a plasma in said chamber, said second current being 
at an RF frequency equal to or greater than said minimum frequency. 

16. An apparatus for delivering ions to a workpiece, comprising: 

a vacuum chamber having an interior and an ionization gas inlet 

adapted to provide ionization gas to said chamber interior at a selected one 

of a first pressure and a second pressure, wherein said first pressure is 

below the minimum pressure at which a plasma may be struck in said 

chamber and said second pressure is at or above said minimum pressure at 

which a plasma may be struck in said chamber; 

an RF coil disposed within said vacuum chamber interior, said coil 
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having a resistance; and 

an RF voltage source coupled to said coil for applying an RF current to 

said coil white said chamber interior is at said first pressure and 

subsequently at said second pressure, wherein said RF coil is resistively 

heated by said RF current without striking a plasma when said chamber 

interior is at said first pressure and wherein a plasma is struck in said 

ionization gas by said RF current when said ionization gas is at said second 

pressure. 

17. In apparatus for delivering ions to a workpiece within a 

processing chamber, which apparatus includes a coil within said chamber 

and means for applying RF current to said coil to generate an RF field which 

produces a plasma, application of said RF current to said coil being effective 

to raise the temperature of said coil, the improvement comprising: means for 

resistively heating said coil, before producing said plasma, to raise the 

temperature of said coil while preventing the production of a plasma. 

18. The apparatus of claim 17 wherein said resistive heating 

means raises the temperature of said coil to be within the range of 400-500° 

C prior to production of said plasma. 

19. The apparatus of claim 17 wherein said ions are ionized 

sputtered material. 

20. In apparatus for delivering ionized material to a workpiece within 

a processing chamber, which apparatus includes a coil within said chamber 

and·means for applying RF current to said coil to generate an RF field which 

produces a plasma, application of said RF current to said coil being effective 

to establish an equilibrium temperature in said coil, the improvement 

comprising: means for resistively heating said coil, before producing said 
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plasma, to bring said coil substantially to at least said equilibrium 

temperature while preventing the production of a plasma. 

21. The apparatus of claim 20 wherein production of a plasma 

requires an RF current having a minimum frequency and said means for 

resistively heating said coil comprise a current source coupled to said coil for 

supplying said coil with a current at a frequency which is lower than said 

minimum frequency. 

22. The apparatus of claim 21 wherein said means for resistively 

heating said coil further comprise a timer coupled to said current source for 

terminating the application of current from said current source to said coil 

after a predetermined period of time. 

23. The apparatus of claim 22 wherein said current source is a DC 

source. 

24. The apparatus of claim 23 further comprising: a target and a 

workpiece support within said processing chamber; and a switch coupled to 

said current source, said coil, and one of said target and said workpiece 

support, said switch being switchable between a first switching state for 

coupling said DC current source to said coil and a second switching state for 

coupling said DC current source to said one of said target and said 

workpiece support. 

25. The apparatus of claim 22 wherein said current source is an AC 

source. 
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