Chemical Vapour Deposition





	The various devices on the integrated circuits are connected by metal or polysilicon lines.  On most modern circuits there are several layers of these conductors.  Each conducting layer must be isolated from the layer immediately below it and the layer above.  This isolation is generally the function of layers of insulating material such as silicon dioxide or silicon nitride which are deposited by a process known as chemical vapour deposition or CVD.





	Chemical vapour deposition is the thermal decomposition and reaction of gases to form thin films.  Films are formed directly from the gas phase on to the surface of the substrates.  CVD reactions can be performed over a range of temperatures and pressures in a number of different types of reactors.  the properties of the deposited films will differ depending on the type of reactor used.  In general deposited films can have excellent barrier and insulation properties as well as quite conformal film deposition over difficult topographies.  Conformal films have the same thickness on the vertical surfaces as well as the horizontal surfaces.





	There are three main categories of CVD depositions carried out in quite different reactors.  These three types are





	a)	Atmospheric CVD {reactors; simple belt and parallel plate}


	b)	Low Pressure CVD (LPCVD) {reactor; usually furnace type}


	c)	Plasma Enhanced CVD (PECVD) {reactor; parallel plate or furnace}


The chemical reactions that take place in all three of the reactor types are quite similar but the properties of the resultant films can be considerably different.  Each of the reactor types are in use in the industry.  The choice of which particular CVD to use is dependant where in the process the film is to be used and the properties required of the film.  





Reactions





	An external source of energy, generally heat and/or RF, is used to decompose reactive gases which combine to form the reaction products.  these reaction products are the thin films deposited.  The reactions in all three types of CVD reactor are quite similar.





	Typical reactions would be as described below for silicon nitride
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Dichlorosilane + Ammonia ------> Silicon Nitride + Hydrogen Chloride and Hydrogen





Three molecules of Dichlorosilane and four molecules of ammonia decompose with the addition of heat into their component parts;





Silicon;


Chlorine;


Hydrogen;


Nitrogen;





and recombine to form the new substances





Silicon nitride;


Hydrogen chloride;


Hydrogen:








Atmospheric CVD	(APCVD)





	This method at one stage in the history of the industry was the main method of depositing CVD films, particularly for films used for the final passivation of the wafers.  Advantages were that the equipment is relatively cheap and simple to operate, disadvantages were that the films did not have great conformality over the underlying topography, films often had pinholes and the equipment tended to generate a lot of particles which could fall on the wafers. 





	Silicon dioxide is the film most often deposited by this method and this oxide can be doped with phosphorous or boron or both depending on the application for which the film is intended. 





The reaction most often used is as follows
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	To a large extent atmospheric CVD had gone out of favour as a method of depositing low temperature oxides, in favour of plasma films, but recent equipment developments have meant  that there is a resurgence of interest in these atmospheric films.
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	In the simple belt reactor system the wafers pass under a series of parallel plates.  In the spaces between alternate plates, silane and oxygen are released.  These gases react to form the silicon dioxide on the surface of the wafers passing underneath.  On the two outer most spaces a blanket of nitrogen prevents the reaction from taking place anywhere other than directly underneath the plates.





	The other most commonly used atmospheric deposition system is the parallel plate system.  The wafers sit on a heated plate under the gas entry manifolds, there is usually some kind of stainless steel sieve type system to ensure good mixing of the gases.
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Low Pressure CVD (LPCVD)





	LPCVD reactions typically take place in furnace type reactors.  These furnaces are the same as standard furnaces except that they have a vacuum sealed door at the front and a vacuum pump Connected to the back of the tube. 
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	The furnace LPCVD system is well understood because it is one of the older CVD methods.  The films are of very good quality and the layers are generally very conformal.  Furnaces can take quite large wafer loads so the throughput tends to be high.





	Temperatures of the LPCVD reactions are quite high, ≈ 600˚C for polysilicon and ≈ 700˚C for silicon nitride.  This means that LPCVD films cannot be used for inter-metal dielectric if aluminium has been deposited as the first level metal.





	The main films deposited in LPCVD reactions are silicon nitride, polysilicon , amorphous silicon and SIPOS.





LPCVD Silicon Nitride





	Silicon nitride can be used as a dielectric which is left on the wafer to serve a long term purpose because of its inherent properties.  Silicon nitride provides good electrical isolation as well as having excellent barrier properties to prevent mobile ion contamination of the devices.  It is also used as a barrier to oxidation during the LOCOS oxidation process.  When used in the LOCOS process it prevents the oxidising molecules, usually water vapour, getting through to the silicon, thus preventing oxidation in the regions covered by the nitride.
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Polysilicon





	The LPCVD polysilicon is a very simple reaction, silane is simply decomposed at a temperature above 600˚C and the silicon from the silane is deposited on the wafers in the furnace.  This silicon film is called polycrystalline silicon, polysilicon or simply poly.  It is so called because the film is made up of many small crystals of silicon close packed together to form a uniform layer.
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	Typical process temperatures for polysilicon deposition would be in the range 600˚C - 650˚C. Process pressures are in the range of 1-2 torr.  The polysilicon grows in small grains with a typical grain size of approximately 0.3µm.  





	Polysilicon is used as the first level of interconnect in MOS processes and as the gate material.  Polysilicon is a poor conductor until it is doped with either phosphorous or boron.  This doping is usually carried out in a separate furnace sequence although it can be done during the deposition.  If the doping is done during the deposition cycle it is called in situ doping.





The full polysilicon process sequence would be as follows;





1	Poly deposition


2	Poly doping


3	Poly deglaze


4	Poly photolithography


5	Poly etch


6	Poly reoxidation
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	The poly reoxidation is a thermal oxidation of the polysilicon this oxide forms part of the isolation between the poly and layers of metal which will pass over the top in subsequent processing.
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	Polysilicon has one major disadvantage to its use as a first level interconnect, that is it has quite a high sheet resistance, as high as 22 ohms/sq, compared to 


50 mohms/sq for the same thickness of aluminium.  In small geometry processes this can effect the speed of operation of the circuits.  One of the main reasons why it is used as a first level interconnect in spite of this resistance disadvantage is that it is relatively stable at high temperatures, so further high temperature processing can be carried out when the poly is in place.  Aluminium which has a much lower sheet resistance than polysilicon cannot stand temperatures much above 460(C as its melting point is 660(C ? 





	Recent developments in small geometry processes have been to combine the polysilicon with the refractory metals, such as titanium, cobalt or tungsten to form silicides of these metals, for instance titanium disilicide.  These refractory metal silicides can be processed to higher temperatures than the metals could on their own and reduce the sheet resistance's to the region of 1-3 ohms/sq.





Amorphous Silicon





	For some applications a variation on polycrystalline silicon is required, this is a small grain polysilicon or amorphous.  Amorphous means no crystalline structure.  If the deposition temperature in the LPCVD reactor is dropped below 600˚C the film deposited becomes amorphous.





	The surface of the amorphous silicon is much smoother than that of polysilicon and many of the applications are dependant on the smoothness of the surface.  Amorphous silicon can be difficult to introduce into a production process because of the long deposition times.





CVD Tungsten





	As device geometryís shrink refractory metals play a more important role in the manufacture of integrated circuits.  Tungsten one of the more commonly used refractory metals can be deposited by means of LPCVD.


The tungsten is used on the poly silicon as a silicide or as a contact fill for multi level metallisation schemes.
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	The tungsten film is formed by the decomposition of tungsten hexafluoride in the presence of hydrogen
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3	Plasma Enhanced CVD (PECVD)





	In the reactions which have been examined so far in this section the energy to decompose the reactant gases has come from thermal energy.  this means in the case of LPCVD that the reaction temperatures are relatively high.  By adding energy from another source other than heat the temperature of the reactions can be reduced.  In plasma enhanced CVD this additional energy comes from an RF or Radio Frequency generator.  This RF input of energy causes the reactant gases to ionize and form a plasma.  A plasma is a gas cloud which contains atoms, molecules, ions, and electrons.  Gas in this state is highly reactive.  





	Plasma enhanced depositions can take place in furnace type reactors with the wafers held on carbon plates parallel to the gas flow.  Alternate plates of the reactor are connected to opposite poles of the RF generator and the plasma is formed between the plates.  This type of reactor has the advantage of a high throughput but typically particle generation has been a problem.





	The more common type of reactor being used in the industry at present is the single wafer parallel plate reactor.
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PECVD Silicon Dioxide





	Plasma deposition systems are commonly used to deposit silicon dioxide for use as intermetal dielectrics between metal layers and as final passivation on completed ICs.  Silane is reacted with nitrous oxide to form the silicon dioxide at a temperature of 300˚C to 350˚C.
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	By adding Phosphorous and/or boron to the films the physical properties of the glass can be changed.  Phosphorous alone can be added to form PSG or phosphosilicate glass which is often used as a final passivation layer usually as a sandwich layer with an undoped glass.  If undoped glass is used the thickness required to provide good device passivation can cause stress between the different materials on the circuit can cause the film to crack.  This cracking is totally unacceptable in a passivation layer.  The addition of the phosphorous relieves the stresses which can cause the cracking.





	Another important use for PECVD silicon dioxide is as an interlevel dielectric between polysilicon and metal.  the edge profile of the poly is usually quite vertical and it can be difficult to get good metal step coverage over the poly step.  By adding boron and phosphorous to the glass to form BPSG or borophosphosilicate glass the film can be made quite viscous at elevated temperatures.  If the wafers are given a high temperature anneal, usually in steam, the glass will flow at the step edges to give a much softer profile and an easier step for the metal to cover.
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PECVD Silicon Nitride





	Plasma deposited silicon nitride is commonly used as a passivation layer.  Silicon nitride is a very good barrier to moisture hence its widespread use as a final passivation.





	The deposition temperature is again in the region of 300˚C to 350˚C, the films are formed from the reaction of silane and ammonia in the presence of nitrogen. the films tend, as do plasma deposited oxides, to be rich in hydrogen.  The stoiciometry of the resultant nitride film is not always that of a true silicon nitride film.  True silicon nitride  has three atoms of silicon for every four atoms of nitrogen
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	The plasma nitride reaction;
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PECVD Oxynitride





	Some processes use what is basically a silicon nitride film with a small amount of oxygen introduced as a final passivation.  If circuits with thin film cermet resistors have to have the resistors laser trimmed during wafer probe for higher performance, pure silicon nitride cannot be used as the film tends to crack under the stresses involved.  Oxynitride films have many of the advantages of nitride but it is also laser trimable.





PECVD TEOS





	One of the problems with silane based silicon dioxide from plasma reactors is that the film does not cover steps conformally.  That is the thickness of the films over the sidewalls can be less than that over the horizontal surfaces.  By using a different chemistry to deposit the silicon dioxide the conformality of the film can be improved.  





	TEOS or TetraEthylOrthoSilicate which has the chemical formula 





� EMBED "Equation" \* mergeformat  ���





can be decomposed to form silicon dioxide.  the step coverage of the films deposited in this way are usually much better than those deposited from silane.  TEOS is a liquid source and its delivery to the reaction chamber is controlled by controlling the liquid temperature.





	TEOS deposited films can be doped to form PSG and BPSG films by using Trimethylboron as the boron source and/or Trimethylphosphate as the phosphorus source.





Epitaxial Growth





	Epitaxial growth is a method of growing new layers of silicon on top of a substrate wafer and have the new silicon take up the crystal orientation of the substrate.  This process is becoming increasingly important in IC manufacture because small geometry processes, both CMOS and bipolar, tend to be manufactured on epitaxial or epi substrates.





	Silicon epi is generally grown by the thermal decomposition of silicon containing products such as silicon tetrachloride.
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	the reaction temperatures are quite high at 1200˚C or above, dopant gases such as, diborane, phosphine or arsine can be added to dope the layer to the required type.
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	The wafers used for the production of circuits are cut from a single crystal.  The devices are usually manufactured on substrates with relatively low doping levels, typically in the order of 1015 atoms/cm3 of dopant atoms in the silicon.  This dopant in the substrate is uniformly distributed throughout the wafer.  Small geometry processes still have to be fabricated in silicon with low doping levels but there is considerable advantage in having the bulk of the wafer at a high doping level because of the low resistance, which gives protection against latch-up, a destructive failure mode.  In another variation the dopant type of the epi layer does not have to have the same dopant type as the underlying substrate.
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	Epi substrates are being used more and more in small geometry process, but they have always been used in the manufacture of bipolar devices.  in bipolar devices it is important to keep the resistance of the collector to a minimum. This is to improve the performance of the device.


The resistance can be reduced by having a layer with high doping values buried in the device in the current path to the collector contact.  
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	The buried layer is formed by implanting a slow diffusing dopant such as antimony (Sb) into the surface of the substrate in the areas where the buried layer is needed.  Then the epi layer is grown on top of the substrate trapping the antimony in the silicon structure, hence the name buried layer.  Slow diffusers such as antimony are used because these wafers have to go through all the heat cycles of the subsequent processing without spreading out too much.
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	The current can now flow through the low resistance buried layer thus improving the performance of the device.
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Current Path in Bipolar 
