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electrical property of the materials used can exert an influence on the discharge. In the 

case of a coating of the electrodes, depending upon the electrode material, the layer 

thickness can exert an influence on the discharge. The layer thickness is preferably 

between 0.1 and 300 mm, more preferably between 0.1 and 200 mm, and most preferably 

between 0.1 and 100 mm. Depending on the application, independently of the type of 

metal used, the electrode can also be coated with a dielectric protective layer made of, 

e.g., aluminum oxide (Al2O3)-ceramic. 

 Generators for operating and/or triggering electrodes for LF (low frequency), RF 

(radio frequency) and MW (microwave) are preferably used with the following 

frequencies:  LF generator with frequencies of between 20 and 800 kHz, preferably with 

frequencies of between 40 kHz and 400 kHz, and capacities of between 1 and 100,000 

watts, preferably between 20 and 2,500 watts; RF generator with frequencies of between 

3 and 300 MHz, preferably with frequencies of between 3 and 30 MHz, and capacities of 

between 1 and 100,000 watts, preferably between 20 and 1,000 watts; MW generator 

with frequencies of between 300 MHz and 300 GHz, preferably between 300 MHz and 3 

GHz, and capacities of between 10 and 1,200 watts or higher. Frequencies of 40 kHz are 

only conditionally suitable for semiconductor front-end processes but well-suited for 

back-end processes. Frequencies of 13.56 MHz are suitable for front-end processes and 

for back-end processes. In the case of low frequencies of 40 kHz, the plasma density is 

comparatively low and thus also the proportion of radicals produced is lower, which leads 

to a lower removal rate (e.g., during dry etching). If necessary, both frequency ranges can 

be used for both electrodes. Each electrode is preferably connected to a separate power 

supply in the form of a generator for the first electrode and an in particular separately 
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homogeneous, constant temperature on the surface, to be etched, of the substrate, since 

the etching reaction is temperature-dependent. Advantageously, temperature probes or 

thermocouples or temperature sensors are integrated into the substrate holding device. In 

another embodiment, the substrate holding device or the two-part electrode contains gas 

inlet lines or openings or outlet lines or openings. 

 Additional advantages, features and details of the invention follow from the 

subsequent description of preferred embodiments as well as based on the drawings. The 

latter show in: 

 Figure 1a an overview of an embodiment of the device according to  

   the invention, 

 Figure 1b a cross-sectional view of the embodiment according to Figure 1a, 

 Figure 1c a cross-sectional view of the embodiment according to  

   Figure 1a in a first process step according to the invention,   

 Figure 1d a cross-sectional view of the embodiment according to  

   Figure 1a in a second process step according to the invention, 

 Figure 1e a cross-sectional view of the embodiment according to Figure  

   1a in a third process step according to the invention,  

 Figure 2a an overview of the embodiment according to Figure 1a with  

   a robotic gripper,  

 Figure 2b an overview of the embodiment according to Figure 1a with  

   an alternative robotic gripper,  

 Figure 2c an overview of another embodiment of the device according  

   to the invention, and  
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 Figure 3 a detailed cross-sectional view of another embodiment of  

   the device according to the invention. 

 

 In the figures, identical components and components with the identical function 

are identified with identical reference numbers. 

 Figure 1a shows a top view of an in particular lower, first electrode 1 in a plasma 

chamber 6, in particular with an integrated substrate holding device according to an 

embodiment of the invention. The holding of a substrate 7 is done in particular by 

vacuum strips and/or by a focus ring 4, 4�. The first electrode 1 has an outer electrode 

unit 2 that is designed as a ring electrode and an inner electrode unit 3. The inner 

electrode unit 3 is laterally limited and enclosed by the outer electrode unit 2. The 

substrate 7 is held on the outside by the focus ring 4, 4� that surrounds, in particular 

encloses, the substrate 7. 

 Figure 1b shows a cross-section through the first electrode 1 and the plasma 

chamber 6. The first electrode 1 that is formed in two parts or from the inner electrode 

unit 3 and the outer electrode unit 2 is used as a holding device for the substrate 7, in 

particular with a flat surface 2o of the outer electrode unit 2. The inner electrode unit 3 is 

used to load and unload the substrate 7, in particular with a flat surface 3o that preferably 

has vacuum strips. 

 In a plasma application position according to Figure 1b, the surfaces 2o, 3o form a 

common, in particular contact-providing and/or closed, support plane E. 

 Figures 1b to 1e show an embodiment according to the invention of a process 

sequence according to the invention. Figure 1c shows that the inner electrode unit 3 
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compared to the outer electrode unit 2 is raised in a Z-direction (lifting mechanism 9, see 

also Figure 3) or pulls out from the support plane E (loading position). The substrate 

holding device comprises a lifting mechanism, which is connected to the inner electrode 

unit 3. A radially-mounted drive shaft of the lifting mechanism 9 lifts the inner electrode 

unit 3, designed in particular as a sample holder, in the Z-direction perpendicular to the 

electrode surface 3o. The lifting mechanism can be operated by means of a control 

network (not shown). 

 The substrate 7 is put into position by a handler or robotic gripper, in particular a 

robotic arm 8 (Figure 2a), 8� (Figure 2b), 8�� (Figure 2c) on the inner electrode unit 3, 

designed in particular as a sample holder, and removed again after the plasma treatment. 

The robotic gripper(s) is/are stationary or mobile and perform(s) preprogrammed defined 

tasks. Figures 2a, 2b and 2c show three embodiments of the robotic arm 8, 8�, 8� 

according to the invention. The robotic arm 8, 8�, 8� runs through a correspondingly 

formed opening 5 (see Figure 1b) of the plasma chamber 6 for loading or unloading the 

substrate 7. The robotic arm 8, 8�, 8� has a recess 8a, 8a�, 8a� for picking up substrate 7 

corresponding to the substrate size, as shown in the embodiments in Figures 2a, 2b and 

2c according to the invention. In the embodiment of the robotic arm 8� according to 

Figure 2c, the outside contour of the substrate 7 is surrounded by clamping elements. By 

means of the robotic arm 8, 8�, 8�, the substrate 7 is put into position on the inner 

electrode unit 3 (see Figure 1d). The substrate 7 lies, in particular over the entire surface, 

on the inner and outer electrode units 2, 3 (Figure 2b) or only on the inner electrode unit 

3, which can be matched to the size of the substrate (Figures 2a and 2c). 
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 In the process step shown in Figure 1e, the inner electrode unit 3 runs back into 

the plasma application position after the loading of the substrate 7. The substrate 7 is held 

by means of the focus ring 4, 4� and the action of gravity. As a result, all types of 

substrates 7, in particular those that consist of low-impedance materials (silicon) or high-

impedance materials, can be held. 

 Figure 1b and Figure 3 show two different embodiments of the focus ring 4, 4� 

according to the invention. 

 Since the inner electrode unit 3 and the outer electrode unit 2 are brought in 

particular to the same potential for plasma treatment, insulation between inner and outer 

electrodes is not necessary. A homogeneous potential distributed over the substrate 

surface to be processed is achieved by a uniform potential and the elimination of 

disruptive factors (such as, e.g., loading pins). The two-part first electrode 1 thus does not 

show any electrical field peaks. The homogeneous potential distribution leads to a 

homogeneous plasma along the entire substrate 7. 

 As shown in Figure 1e, a second electrode 12 is arranged opposite to the first 

electrode 1 in order to form plasma between the electrodes 1, 12. To this end, the plasma 

chamber 6 is closed in order to be able to set the conditions necessary for the plasma.  

 In a preferred embodiment, a high-frequency voltage, in particular capacitive, is 

coupled via a high-frequency connection 11 to the first electrode 1, in particular to the 

outer electrode unit 2. In this case, the capacitor is preferably integrated in an adaptive 

unit. Thus, an ohmic coupling is created, whereby the electrical line to the generator 

(high-frequency connection 11) is connected to the electrode via a coupling capacitor. 

The coupling capacitor, which is switched between electrode and generator, is used in 
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particular as a high-pass filter in order to filter out the corresponding d.c. components, so 

that the a.c. voltage component is applied preferably exclusively to the electrode. In 

particular, the high-pass-filtered voltage component can be superimposed with a pure d.c. 

voltage component. 

 Figure 3 shows a detailed cross-section of an embodiment of the two-part 

electrode 1. The electrical coupling via the high-frequency connection (Rf connection) 11 

and electrical contacting elements 10 for bringing the inner electrode unit 3 into contact 

are shown here. After the substrate is loaded onto the inner electrode unit 3, spring 

contact elements 10 are brought into contact when the inner electrode unit 3 enters the 

outer electrode unit 2 when reaching the plasma application position. 

 The substrate 7 is held by the action of gravity and by the focus ring 4, 4�. 

Corresponding contact points of the inner electrode unit 3 and the outer electrode unit 2 

are connected by means of the spring contact element 10, so that the outer and inner 

electrode units 2, 3 are brought to the same potential. 

 The two-part electrode 1 has in particular at least two spring contact elements 10, 

preferably more than two, more preferably more than three, still more preferably more 

than four, and most preferably six or more spring contact elements 10. In a preferred 

embodiment, exactly six spring contact elements 10 are used. 

 In an alternative embodiment according to the invention, the contact points of the 

inner and outer electrode units 2, 3 are electrically connected by means of wire 

connections. After the substrate 7 is loaded onto the inner electrode unit 3, the open 

contact points are brought into contact when the inner electrode unit is entered. This leads 

to very good conductivity between the electrode units 2, 3. Preferably, metal strip 



 17 

conductors or wire connections are arranged between the inner and outer electrode units 

2, 3. Each electrode unit 2, 3 preferably has several contact areas, in particular distributed 

on the periphery. The inner and outer electrode units are in each case electrically 

connected to the contact areas. 

 The two-part first electrode 1 has in particular at least two contact areas, 

preferably more than two, more preferably more than three, even more preferably more 

than four, and with utmost preference six or more contact areas. 

 In order to achieve effective coupling of the high-frequency connection 11 to the 

plasma chamber, the adaptive unit is preferably set so that the impedance of the plasma 

chamber is identical to the impedance of an RF coaxial line in the high-frequency 

connection 11. Coupled connections (e.g., d.c. voltage connections) and capacitor-

switches (i.e., capacitive coupling networks) are integrated into the adaptive unit and are 

thus in particular not components of the two-part first electrode 1. 
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Method and Device for Plasma Treatment of Substrates 

 

List of Reference Symbols 

 

1  First electrode  

2  Outer electrode unit 

2o  Surface of the outer electrode unit 

3  Inner electrode unit 

3o  Surface of the inner electrode unit 

4, 4�  Focus ring 

5  Opening 

6  Plasma chamber 

7  Substrate  

8, 8�, 8� Robotic arm 

8a, 8a�, 8a� Recesses 

9  Lifting mechanism 

10  Spring contact element 

11  High-frequency connection 

12  Second electrode  

E  Support plane 

Z  Z-direction  

 






