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During the third quarter of 1995, an electron cyclotron resonance (ECR) plasma 

film deposition facility was constructed at the University of New Mexico. This work was 

conducted in support of the Los Alamoflycom Crada agreement to pursue methods of 

improving drill bit lifetime. The film deposition facility is pictured in Fig. 1. 

Work in the fourth quarter will center on the coating of drill bits and the treating 

and testing of various test samples. New material systems as well as treatment 

techniques will be attempted during this period. 

The following is a brief description of the various subsystems of the film 

deposition fadlity. Particular emphasis is placed on the slotted waveguide system as 

requested. 
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Figure 1. Electron cyclotron resonance plasma film deposition facility. 
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nd Vacuum Chambers 

The plasma chamber is essentially a hollow cylinder made out of stainless steel 

with a quartz input window. Two openings were placed in the top of the plasma chamber 

to provide for process gas feed-through. Of materials that would transmit microwaves, 

such as glass, Pyrex, and quartz, quartz was chosen for the input'window material 

because it is resistant to reacting with process gasses and has a high tolerance to heating. 

The chamber's inner diameter and height are both 5.5 in. The chamber is affixed onto 

the top of the main vacuum chamber by a high temperature O-ring. The main vacuum 

chamber is essentially a quartz cross, with the sample stage in the center of the cross. 

Vacuum pumps are affixed to the bottom of the cross, and the two remaining ports are 

used for sample and sample stage access. 

m n e t i c  Field Coils 

Two magnetic field coils were placed around the plasma chamber to produce the 

magnetic field needed for electron cyclotron resonance to be established. A field strength 

of 875 Gauss is needed for satisfing the ECR condition in a plasma generated by 2.45 GHz 

microwaves. This field strength was set up on axis in roughly the center of the plasma 

chamber. Two short field coils were chosen (a Helmholtz pair) instead of 1 long coil 

because of the flatter field strength profile that could be produced on axis. The size of the 

plasma chamber had a direct impact on the design of the field coils and vice versa, and the 

waveguide design had a direct impact on the size of the plasma chamber. Because the 

axial field strength weakens as the radius of the coils is increased, and in order to 

prevent the coils from becoming impractically large, the outer diameter of the plasma 

chamber had to be kept fairly small. However, it was also necessary to make the top of 

the plasma chamber large enough to completely cover the slots in the waveguide (thus 

ensuring that most of the microwave energy was being injected into the plasma). The 

smallest inner diameter for the plasma chamber was therefore approximately 5.5 in, 

and the minimum outer diameter was then 6.5 in. 
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Once a plasma is generated in the plasma chamber, it is able to simply "free fall" 

diffuse down onto the tools in the vacuum chamber. The tools to be coated are positioned 

on a stage that can be heated to several hundred degrees Celsius. An rf bias is placed on 

the stage to accelerate ions toward the tools, and the stage can be rotated during film 

depostion. All of these techniques aim at improving film quality, uniformity and 

deposition speed. 

Slotted W aveauide 

A slotted waveguide is used to guide the microwaves from the magnetron to the 

plasma chamber of the reactor. The design of the waveguide was based on one by Ji and 

Gerling [l ] that was specificaily developed for radiating microwaves into a discharge 

volume uniformly over a wide area. 

Two inclined, series slots from which the microwaves can radiate were placed on 

one of the broad walls, and a sliding short was placed at the end so that the waveguide 

could be tuned. At the other -end of the waveguide a magnitron is insertied one quarter of a 

wavelength from the end wall. A diagram illustrating the arrangement of these features 

on the waveguide is shown in Fig. 2. 

I 

I 

Sliding 
Short  

Slots Hole for Magnetron 
Terminal 

Figure 2. View of waveguide bottom showing position of essential features. 



The width a of the broad walls and the height b of the side walls were 

chosen to be 10.922 cm and 5.460 cm, respectively, the same dimensions chosen by Ji 

and Gerling. With these dimensions for the waveguide the main mode of propagation for 

the microwaves (wavelength h. = 12.2 cm for 2.45 GHz) woufd be the TE1 mode. The 

length of each slot was chosen to be U2, and the spacing between the centers of the slots 

was %/2, where was the wavelength in the guide. 

The advantage of radiating the microwaves out of the slotted waveguide and into 

the plasma chamber rather than directly coupling the waveguide to the chamber was that 

this arrangement would eliminate the need to match the magnetron with the impedance of 

the plasma. The only tuning required was to set the position of the sliding short at the 

end of the waveguide. The correct placement of the short would ensure that most of the 

microwave power was radiated out the slots and that very little was reflected back to the 

magnetron. The tuning of the waveguide was accomplished by varying the position of the 

short and then measuring the intensity of the radiated microwaves with a small dipole 

antenna attached to the end of a length of RG 58 coaxial cable. 
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During the third quarter of 1995, an electron cyclotron resonance (ECR) plasma 

film deposition facility was constructed at the University of New Mexico. The 

construction of this source was described in an earlier report. During the fourth quarter 

of 1995 the source was used to coat drill bits and other test samples. This work was 

conducted in support of the Los Alamoflycom Crada agreement to pursue methods of 

improving drill bit lifetime. The film deposition facility is pictured in Fig. 1. 

Work in the fourth quarter centered on the coating of drill bits and various test 

samples with diamond like carbon films (DLC). This material system was selected by 

Tycom as the most promising because of the very low coefficient of friction it exhibits. 

Work during this period involved the investigation of many process parameters 

and their effect on film depostion. These included mass flow rates, feed gas composition, 

discharge pressure, substrate rf biasing, substrate temperature and magnetic field 

strength. A parameter space was determined that allowed for the depostion of DLC films 

at approximately one third micron per hour. 



A wide variety of drill bits and test samples have been coated and the coated 

materials sent to Los Alamos National Laboratory and Tycom for testing. At this time, the 

testing of all samples has not been completed by Tycom and Los Alamos. 

Early in the fourth quarter we did determine that the adhesion of the DlC films 

we were depositing on tungsten carbide drill bits and test samples was very poor. 

Through a literature source we determined that the cause of this poor adhesion was most 

probably the boron binder used to "glue" tungsten carbide together. Drill bits commonly 

used in the printed circuit board industry (of which Tycom is a member) have six, 

eight, ten, or more percent boron in their tungsten carbide drill bits. 

To solve this problem, drill bits were exposed to an acid to remove boron at the 

surface. This technique was apparently successful, with treated samples exhibiting 

greatly enhanced adhesion. However, Tycom engineers were concerned that this technique 

may mechanically weaken the drill bits. 

A second technique to improve adhesion is to bury the boron in the tungsten 

carbide sample with an interlayer that will adhere to the sample. DLC is then deposited 

on the interlayer. Several material systems were tried as potential interlayers. Finally, 

a very thin layer of evaporated silicon was determined to act as a useable interlayer, 

again greatly improving adhesion. 

During the course of.this quarter, we have been able to deposit DLC films on 

tungsten carbide drill bits and test samples with the use of a ECRH plasma film depostion 

system designed and built at the University of New Mexico. The adhesion of these films 

have been made acceptable through the use of interlayers of silcon or the acid removal of 

boron. The coated samples and drill bits have been delivered to Tycom and Los Alamos 

National Laboratory for analysis. 


