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TEMPERATURE  DEPENDENCE  OF  HEAT  POWER  TRANSFERRED BY  ION  FLUX  FROM  PLASMAS  TO  SURFACES
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Measurements of heat power transferred by ion flux from low-pressure (10-4(10-3 Torr) plasmas to the RF electrode are performed. Experiments are carried out in reactor with separated control of plasma density and energy of ions bombarding the electrode surface. Plasma generator is inductively coupled discharge at the frequency of 40.68 MHz in magnetic field of bottle trap configuration. Plasma is injected through the loss cone into the cylindrical reactor, in which RF-field (13.56 MHz) is applied between the electrode and metal wall. Plasma concentration is governed by RF power deposited into inductive discharge. An energy of ions accelerated in electrode sheath and bombarding the surface depends on the RF power applied to the capacitive discharge and may be varied from 20 to 300 eV. Plasma density near the electrode is from 1010 to 1011 cm-3. 

Silicon single crystal 0.5 mm in thickness and 2x2 to 4x4 cm2 in area is placed on the plane water-cooled RF electrode (15 cm in diameter). This crystal serves as scanning calorimeter to measure the heat flux from plasma. Transient temperature T(t) of crystal after discharge ignition is measured using the laser interferometric thermometry. This dependence is differentiated, then the temperature dependence of heat power P(dT/dt transferred to the crystal is determined. After discharge shutdown , the dependence T(t) is registered and the temperature dependence of heat loss of crystal is determined. Dependencies of power transferred to the surface on the power deposited to the discharge are studied. 

It is shown that the energy transferred by ion in the single collision with the surface does not depend on the surface temperature. Energy accomodation coefficients for collision of ion O
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 with surfaces of silicon and tungsten are estimated. After ion sputtering of tungsten film on the silicon crystal surface, the significant increase of heat flux has been observed. This results from the higher accomodation coefficient in collision of oxygen ion with silicon as compared with accomodation coefficient at tungsten surface. This is due to small difference between masses of oxygen and silicon atoms and essential difference between masses of oxygen and tungsten atoms. 

Silicon single crystals covered with silicon dioxide and silicon nitride films have been also used as calorimeters. Heat power transferred by oxygen ions to the silicon surface as well as to the SiO2 and Si3N4 surfaces is practically identical. Accomodation coefficient for ion O
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 on the silicon, silicon dioxide and silicon nitride surfaces is identical and equals to approximately 0.5. The fact that these coefficients are identical is probably due to not-too-different masses of atoms (Si, O and N) on the surfaces under ion bombardment. 
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