
NON-PLASMA HALOGENATED GAS FLOW TO PREVENT METAL RESIDUES 

BACKGROUND OF THE INVENTION 

The present invention relates to metal deposition on semiconductor 

substrates in semiconductor processing systems, and in particular to the elimination of 

residue remaining after the etching of the metal. 

One of the steps in the formation of a semiconductor chip is the creation 

of metal interconnections between devices on a semiconductor wafer. Typically, this is 

done by first depositing a layer of metal, such as tungsten, across the wafer. In one 

process, tungsten is deposited in a chemical vapor deposition (CVD) chamber by reacting 

WF 6 containing the tungsten and H2 or Si lane at elevated temperatures over a wafer 

sitting on a resistive heater (alternately, other methods may be used to heat the wafer, 

such as lamps). The process temperature is typically 475° C. Subsequently, the 

tungster:t is etched away except for areas in which metal interconnections are desired. 

This may be done in the same chamber or by moving the wafer to a. separate chamber. 

It has b~n discovered that under certain processing conditions, when the 

wafer is later etched, tungsten residue remains on the wafer, which can form shorts in 

the interconnects. Although the process is not completely understood, it is believed that 

tungsten may preferentially grow in certain spots on the wafer (These spots may be areas 

where residue has formed as a result of previous processing steps). The preferen_tially 

growing tungsten may be in a different phase than other areas of the metal tungsten 

layer. Because the tungsten is in a different phase, these areas may then etch away at a 

different rate, leaving the undesirable tungsten residue in areas where there should be no 

interconnect after the etch step. 

One approach to eliminate the residue is to clean the chamber in which the 

metal layer is deposited after every wafer is processed. This is typically done by 

removing the wafer, and then igniting a plasma composed of NF3, followed by a 

hydrogen plasma, with a subsequent argon gas purge. After this cleaning step, the next 

wafer can be inserted into the chamber for depositing of the tungsten layer without 

significant residue being present after etchback. A drawback of this plasma clean 

approach is that it requires a significant amount of time between each wafer being 

processed. One approach would be lo do the plasma less often. But it has been 
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discovered, for example. that a plasma clean after every 25 wafers is not sufficient since 

residue formation still occurs. 

Accordingly, it would be desirable to have an improved process for 

eliminating residue formation after tungsten deposition. and etchback which does not 

significantly impact wafer throughput. 

SUMJ\1.ARY OF THE INVENTION 

The present invention provides an apparatus and process for limiting 

residue remaining after the etching of metal in a semiconductor manufacturing process by 

injecting a halogen-containing gas without a plasma into· a processing chamber. The 

wafer is then exposed to the remnants of the halogen-containing gas in the chamber 

before the metal is· deposited on the wafer. The exposure can occur in the same chamber 

as the metal deposition, or a different chamber. The wafer can remain in th~ chamber or 

be moved to another chamber for etching after exposure and deposition. 

In one preferred embodiment, the halogen-containing gas is NF3, although 

other gases, such as C2F6 , CF4, ClF3, or Cl2 may be used. Preferably, the halogen gas is 

injected for less than 30 seconds and at a rate of between 10-2000 seem (more preferably 

between 10-150 seem) with a pressure between 50 milliTorr (mT) and 90 Torr (T) (more 

preferably, between 50 mT and 10 T). In one preferred embodiment, either a fluorine­

containing gas or a chlorine-containing gas is used. 

The present invention eliminates the need for igniting a plasma, an_d also 

eliminates the need for high flows of gases, and optionally the need to remove the wafer 

before injecting the halogen-containing gas. 

For a further understanding of the nature and advantages of the invention, 

reference should be made to the ensuing description taken in conjunction with the 

accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. l is a diagram of a semiconductor wafer processing system used in 

one embodiment of the present invention; 

Fig. 2 is a flowchart of a process according to ·an embodiment of the 

present invention; and 

Fig . .\ is a more detailed version of the flowchart of Fig. ::!. 
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DESCRUYI'IQN OF THE PREFERRED EMBODIMENTS 

One suitable system for carrying out the present invention is shown in Fig. 

l, which is a diagram of a semiconductor substrate processing system 10 including a 

cross-sectional view, partially schematic, of a CVD chamber 12. A substrate 14 is 

shown sitting on a heater mount 16. The substrate is brought into chamber 12 by a robot 

blade through a slit valve in the sidewall of the chamber (not shown). Chamber 12 may 

be part of a vacuum processing system having a plurality of processing chambers 

connected to a central transfer chamber. The heater mount 16 is movable verticaily 

using a motor 18. The subst.r~.te 14 is brought into the ·chamber when the heater mount 

16 is in a first position opposite the slit valve. The substrate 14 is supported initially by 

a set of pins 20 that ·pass through the heater mount 16. When the heater mount 16 is 

raised to a processing position, the wafer is lifted off of the pins. A gas distribution 

plate 22 provides process gases into chamber 12. Gases are provided from a gas supply 

and mixing system 24. An exhaust system 26 evacuates the reaction byproducts and· 

unreacted gases. 

Wafer 14 is heated during the process by a resistive coil 28 embedded in 

the heater mount 16. Coil 28 exits the heater mount 16 at the bottom of Fig. 1 and is 

connected to an external .power supply (not shown). The bottom of Fig. 1 also shows a 

thermocouple connection 30 for measuring the temperature of the heater mount 16. Also 

shown is a vacuum line 32 which connects to recesses (not shown) on the top of heater 

mount 16 for holding wafer 14 in place. 

A pair of purge lines, 34 and 36 are shown for providing purge gases. 

Purge gas line 34 provides a purge gas which comes up around the edges of heater 

mount 16 and past purge guide 38, which will form a small gap between it and wafer 14 

in the processing position. This purge gas prevents any tungsten from depositing on the 

backside or edges of wafer 14. Additional purge line 36 is used to keep any residue 

from collecting around stainless steel bellows 40 which provide a barrier between the 

mechanical mechanisms and the chamber interior. 

The process performed in chamber 12 can either be a CVD proce5s, or a 

plasma enhanced CVD (PECVD) process. In a PECVD process, RF power is applied 

between gas distribution plate 22 and heater mount 16 by an RF power supply 42. 

Typically, heater mount 16 is grounded, with the positive voltage being applied by a 

strap to a supp~rt plate for gas distribution plate 22. RF power supply 42 can supply 
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either single or mixed RF power to enhance the decomposition of reactive species 

introduced into chamber 12. 

A processor 44 controls the operation of the chamber, in particular the RF 

power supply and the gas supply and mixing system 24. The processor uses a memory 

46 which stores a program containing instructions for operation of the system. In 

addition, the processor can control a gas injection source through gas mixing system 24. 

The processor also controls the purge lines, a vacuum pump connected to the vacuum 

lines for holding the wafer, and the vacuum exhaust system. The processor also receives 

a signal from the thermocouple 30 to provide feedback for control of the power supply 

connected to coil 28 for providing the desired temperature through resistive heating. 

Additionally, processor 44 cap. control motor 18 for moving the heater mount 16 ·as 

desired, as well as the robot arm (not shown). 

Fig. 2 is a flowchart illustrating the present invention used in the chamber 

of Fig. 1. It should be understood that other chambers or systems could be ·used to 

implement the present invention. First, halogen-containing gas is flowed to the chamber 

by a command from the processor 44 to the appropriate valves in gas supply and mixing 

system 24 (step A). Subsequently, a wafer is inserted into the chamber by a robot arm 

under control of the processor (step B). Next, a layer of metal, preferably tungsten, is 

deposited on the wafer (step C). Next, the wafer is etched, either in the same chamber 

or in a different chamber or different.system (step D). 

Fig. 3 is a more detailed flowchart of a preferred embodiment of ttte 

present invention. After depositing the metal on the previous wafer in the chamber (step 

E), the previous wafer is removed (step F). NF3 is then flowed at a flow rate of 

approximately 30 seem by control of a valve in the gas supply and mixing system by the 

processor (step g). Alternately, flow rates between 10 and 2000 seem or more 

preferably between 10 and 150 seem may be used, as controlled by an instruction in 

memory 46 executed by processor 44. 

\; 

Duijng this flow, the chamber pressure is controlled to a preferred value 

of approximately 100 mT by using feedback control of a step motor controlling·a vacuum 

valve to a pressure set by the processor (step H). Alternately, pressures between SO mT 

and 90 Tor more preferably between 50 mT and 10 T may be used, as directed by an 

instruction in the program memory. The feedback control is accomplished by controlling 
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a servo valve on the vacuum system so that the gas being introduced is evacuated at a 

rate which provides the desired pressure. 

After approximately IO seconds, the flow of NFi is stopped (step .I). 

Alternately, the flow of NF3 may be maintained for anywhere from 2-30 seconds, as 

directed by an instruction in the program memory. The next wafer is then introduced 

into the chamber (step J) and metal is deposited (Step K). Subsequently, the etch process 

is performed (step L). 

Alternately, other fluorinated or chlorinated gases such as ClF3, CiF6, 

CF4, Cl1 , etc. may be used. In addition, the wafer may be etched in the same chamber 

or a different chamber ·and the NF3 gas may be injected either with the wafer in the 

chamber or with the wafer outside of the chamber. 

It is the exposure of the wafer to the NF3 gas before the depositing of the 

tungsten layer which prevents residue from remaining after the subsequent etching step. 

Although the exact mechanism is not completely understood, it is believed that the NF3 

may adsorb on the surface over certain sites where tungsten preferentially grows. 

The NF3 residues which have been absorbed on the wafer surface thus 

apparently prevent out-of-phase growth of tungsten on that particular wafer being 

processed. Thus, the NF3 injection step of the present invention will prevent residue 

from affecting a subsequently introduced wafer into the chamber. 
. . 

Alternate embodiments of the invention are also possible. For instance, 

instead of the halogen gas flow being injected before every wafer, the processor ~uld 

control the gas supply and mixing system to inject the halogen gas before every second, 

third, fourth, fifth or other number of wafers (or before such numbers of wafer). In 

addition to the NF3 flow of the present invention, a plasma clean operation can still be 

performed under control of the processor after a number of wafers have been processed, 

for instance, 25. 

As will be understood by those with skill in the art, the present invention 

may be embodied in other specific forms without departing from the spirit or essential 

characteristics thereof. For example, lamp-heated chambers could be used instead of 

resistively-heated chambers for processing the wafers. Accordingly, the above 

description is intended to be illustrative, but not limiting, of the scope of the invention 

which is set forth in the following claims. 
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WH/\T IS CLAIMED rs: 

I. A process for preventing residue formation after the etchback of metal 

in a semiconductor manufacturing process, comprising the steps of: 

chlorine. 

2000 seem. 

injecting a halogen containing gas without a plasma into a 

processing chamber; 

exposing said wafer to remnants of said halogen containing.gas; 

depositing a layer of metal on a semiconductor wafer; and 

etching said layer of metal. 

2. The process of claim l wherein said halogen is one of fluorine and 

3. The process of ciaim l wherein said halogen containing gas is NF3• 

4. The process of claim 3 \vherein said NF3 is injected for 2-30 seconds. 

\ 

5. The process of claim 3 wherein said NF3 is injected at a rate of 10-

\ 
6. The process of claim 3 wherein said NF3 is injected at a press~re 

between 50 millitorr and 90 torr. 

7. The process of claim l whe~ein said halogen containing gas is injected 

before· said wafer is inserted into said processing chamber . 

.. 
8. The process of claim 1 wherein said NF3 is injected into said 

processing chamber, and subsequently metal is deposited on said wafer in said same 

processing chamber. 

9. The process of claim l \t.·herein said metal is tungsten. 

I lllllll llllll lllll lllll II llll 
* C L M S * 
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' 10. A process for preventing residue formation after the etchback of metal 

in a semiconductor manufacturing process, comprising the steps of: · 

injecting NF3 gas without a plasma into a processing chamber, said 

injecting step including 

' 

injecting said NF3 gas at a flow rate of 10-2000 seem, 

injecting said NF3 gas for 2-30 seconds, and 

injecting said NF3 gas at a pressure between 50 millitorr and 

90 torr; 

exposing said wafer to remnants· of said NF3 gas; 

de.I>ositing a layer of tungsten on a semiconductor wafer; and 

etching said layer of tungsten. 

11. The process of claim 10 wherein said NF; gas is injected at a flow 

rate of 10-150 seem and a pressure between 50 millitorr and 10 torr. 

'12. The process of claim 10 wherein said NF3 gas is injected before said 

wafer is inserted into said processing chamber. 

13. An apparatus for preventing residue formation after the etchback of 

metal in a semiconductor manufacturing process, comprising: 

chlorine. 

means for injecting a halogen containing gas without a plasl!la into 

a processing chamber; 

means for exposing said wafer to remnants of said halogen 

containing gas; 

means for depositing a layer of metal on a semiconductor wafer; 

and 

means for etching said layer of metal. 

14. The apparatus of claim 13 wherein said halogen is one of fluorine and 

' 15. The apparatus of claim 13 wherein said halogen containing gas is 

llll\llt \l\l\l 111\\ \\ltl I\ \Ill 
* C L M S * 
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16. The apparatus of claim 15 further comprising means for injecting said 

NF3 for 2-30 seconds. 

17. The apparatus of claim 15 further comprising means for injecting said 

NF3 at a rate of 10-2000 seem. 

18. The apparatus of claim 15 further comprising means for injecting said 

NF3 at a pressure between 50 militorr and 90 torr. 

chlorine. 

19. A semiconductor wafer manufacturing apparatus comprising:_ 

a processing chamber; 

a heater for supporting a wafer in said chamber; 

a gas discharge head mounted in said chamber; 

a gas distribution system coupled to said gas discharge head for 

selectively introducing gases into said chamber; 

a controller for controlling said gas distribution system; and 

a memory coupled to said controller and storing a program for 

directing the operation of said chamber and gas distribution system, said 

program including a set of instructions for injecting a halogen containing 

gas· into said chamber so that said wafer is exposed to remnants of said 

halogen containing gas after a metal layer is deposited on said wafe_r and 

before said metal is etched. 

20. The apparatus of claim 19 wherein said halogen is one of fluorine and 

21. The apparatus of claim 19 wherein said halogen containing gas is 

22. The apparatus of claim 21 wherein said program further includes an 

instruction for causing said NF3 to be injected for 2-30 seconds. 

\ \11\11\ \l\I\\ Ill\\ \\1\1 " \Ill * t L M S * 



9 

23. The apparatus of claim 21 wherein said program further includes an 

instruction for causing said NF3 lo be injected at a rate of 10-2000 seem. 

24. The apparatus of claim 21 wherein said program further includes an 

instruction for causing said NF3 to be injected at a pressure between 50 millitorr and 90 

torr. 

25. The apparatus of claim 19 wherein said instruction for injecting said 

halogen containing gas is executed before said wafer is inserted into said processing 

chamber. 

26. The apparatus of claim 19 wherein said metal is tungsten. 

· 11111111 111111 111111111111 1111 
w C L M S * 


