Lab 2: Using Pressure Measurement Devices: Using Flow Control, Pressure vs. Flow
PRESURE GAUGE LOCATION

All of the systems in our Plasma Lab use pressure gauges to interact with control systems, which make it possible to maintain a steady pressure and gas flow in the process chambers. The following is a description of the different gauge locations.

Bourdon gauges are used on the gas regulators installed on the different gas bottles, which regulate the gas pressure to each machine. These are located in the service chase behind the machines.

Holly and Indy have Pirani gauges installed on the process chamber and the turbo foreline to monitor pressures. These pressures are monitored by the MKS 146, which sends a signal to the APC, which in turn opens or closes valves as required. Maggie has Pirani gauges on the process chamber and the cryo pump that are used in the same manner to control the valve sequence.

Indy and Maggie have Hot Cathode Ion Gauges mounted on the process chamber whereas Holly has a Cold Cathode Ion Gauge on the process chamber. These gauges are used to monitor the high vacuum pressure and establish a base pressure in each process chamber.

All of our systems use MKS Baratrons (Capacitance Monometers) to monitor process pressures. These Baratrons change pressure into a voltage signal, which is sent to the MKS 146, which in turn sends a signal to the Throttle Valve to partially open or close. Using this technique we can set the gas flow and let the MKS 146 and the Baratron control the Throttle Valve to maintain a steady pressure during the process in the chamber.

We also use Atmosphere/Vacuum switches as safety interlocks on each process chamber. These use diaphragms to activate a switch that sends a signal to a power supply or controller to use this input to operate in a safe manner. 

Typical pressure measurement tools include: 

1) Bourdon Gauge

2) Therocouple

3) Pirnai

4) Cold Cathode

5) Ionization gauge

6) Capacitance Manometer – also known as a Baratron (MKS brand name) 
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Typical pressure gauges.  Only two of these, Bourdon and Capacitance Manometer, are direct measurements of the pressure.  The others rely on secondary measurements to deduce the pressure.  (Figure from Basic Vacuum Practice, Varian Vacuum)
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Bourdon Gauge.  The elliptically shaped tube bends as more external pressure is applied, or it has lower pressure inside.  This bend vs pressure is determined, allowing one to determine the inside/outside pressure differential.  (Figures from Basic Vacuum Practice, Varian Vacuum) 
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[image: image6.wmf]
Capacitance manometer or Baratron gauge.  (‘Baratron’ is a trademarked name, of MKS Instruments.)  The gauge operates measuring the position of a diaphragm.  This measurement is really a measure of the change in capacitance between two electrodes.  As the diaphragm changes shape, due to the pressure, the capacitance changes.  Thus the pressure can be measured. (Figure from Basic Vacuum Practice, Varian Vacuum)
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Thermocouple gauge operates by driving a current through a resistor of resistive wire.  The temperature of the wire is determined by this  heating as well as the cooling due to radiative cooling thermal cooling out the ends at via gas molecules carrying away heat.  Under certain regimes, pressures greater than 1 mTorr, the dominate cooling mechanism is loss of energy to the gas molecules.  (Note that the cooling gas dependent!)  By measuring the temperature of the wire, and knowing the gas type, one can determine the pressure.

(Figure from Basic Vacuum Practice, Varian Vacuum)
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Pirani Gauge.  Pirani gauges are very similar to thermocouple gauges.  Here, however, one measures the resistance in the heated wire.  Resistance is a function of temperature.  Typically, the higher the temperature, the higher the resistance.  In the balance bridge circuit, the current flow in path 1 and 2 are set to be the same.  The variable resistor in path 2 is used to balance the voltage across the central meter.  When this is done the ratio of the resistors is the same as the ratio of the resistances in the two heated filaments.  (The second filament is the ‘compensator’ and it is located in a area with well characterized pressure and temperature.)  By determining the relative resistance, one can deduce the temperature of the filament and hence the pressure – after one has assumed what is the gas type. (Figure from Basic Vacuum Practice, Varian Vacuum)
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Ionization gauge.  Ionization gauges work in the following manner.  Electrons are boiled off of a heated filament.  (Shown on the left on side of the figure.)  These electrons are accelerated toward the collector grid by a bias between the filament and grid.  Many of the electrons do not hit the grid directly but rather miss it and pass in to the area between the grid and the ion collector.  (The electrons make several passes past the grid before hitting it, resulting in an electron cloud around the grid.)  While inside the grid, some of the electron will ionize the local gas.  These ions are collected by the ‘collector’.  The amount of current is determined by the gas type and density. (Figure from Basic Vacuum Practice, Varian Vacuum) 
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Cold Cathode:  Cold cathodes operate like a DC magnetron.  An electric field is applied between two electrodes while a magnetic is applied at right angles to the electric field.  This traps electrons which then ionize local neutral gas.  The ions are collected by the cathode and this is used as a measure the density and hence the pressure.
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Vacuum Switch

LAB

In this lab you will learn the different types of gauges used on Holly, Maggie, and Indy. You will also learn the location and pressure ranges of each. You will then use certain gauges, valves, and MFCs ( Mass Flow Controllers) to control the pressure in the process chambers.

1: Make a table describing gauge type, # of gauges, locations, and pressure ranges for Holly, Maggie, and Indy.  (Turn in a copy of this table with your report.)

TABLE 1
	SYSTEM
	GAUGE

 #
	GAUGE

TYPE
	LOCATION
	RANGE (mTorr)

	HOLLY
	1
	
	
	

	
	2
	
	
	

	
	3
	
	
	

	
	4
	
	
	

	
	5
	
	
	

	
	6
	
	
	

	
	
	
	
	

	
	
	
	
	

	MAGGIE
	1
	
	
	

	
	2
	
	
	

	
	3
	
	
	

	
	4
	
	
	

	
	5
	
	
	

	
	6
	
	
	

	
	
	
	
	

	
	
	
	
	

	INDY
	1
	
	
	

	
	2
	
	
	

	
	3
	
	
	

	
	4
	
	
	

	
	5
	
	
	

	
	6
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2: Set position of Throttle Valve to (0%, 25%, 50%, 75% closed) and vary Ar and N2 (Holly and Indy) gas flow through the Mass Flow Controller(s).  Measure the resulting pressure on all of the gauges.  Plot the pressure measured with different gas flows and valve positions.  Explain the differences that you observe.

3: Describe how to control the process pressure using mass flow controllers and Throttle Valve position control.  Explain why one might want to vary the either of these to large or smaller values.  

Data sheet for HOLLY ONLY 

Gas type: 



Gas Type:

	Throttle % closed
	Flow (sccm)
	
	
	
	
	
	
	

	0
	1
	
	
	
	
	
	
	

	0
	2
	
	
	
	
	
	
	

	0
	5
	
	
	
	
	
	
	

	0
	10
	
	
	
	
	
	
	


	Throttle % closed
	Flow (sccm)
	
	
	
	
	
	
	

	25
	1
	
	
	
	
	
	
	

	25
	2
	
	
	
	
	
	
	

	25
	5
	
	
	
	
	
	
	

	25
	10
	
	
	
	
	
	
	


	Throttle % closed
	Flow (sccm)
	
	
	
	
	
	
	

	50
	1
	
	
	
	
	
	
	

	50
	2
	
	
	
	
	
	
	

	50
	5
	
	
	
	
	
	
	

	50
	10
	
	
	
	
	
	
	


	Throttle % closed
	Flow (sccm)
	
	
	
	
	
	
	

	75
	1
	
	
	
	
	
	
	

	75
	2
	
	
	
	
	
	
	

	75
	5
	
	
	
	
	
	
	

	75
	10
	
	
	
	
	
	
	


	Throttle % closed
	Flow (sccm)
	
	
	
	
	
	
	

	90
	1
	
	
	
	
	
	
	

	90
	2
	
	
	
	
	
	
	

	90
	5
	
	
	
	
	
	
	

	90
	10
	
	
	
	
	
	
	


	Throttle % closed
	Flow (sccm)
	
	
	
	
	
	
	

	95
	1
	
	
	
	
	
	
	

	95
	2
	
	
	
	
	
	
	

	95
	5
	
	
	
	
	
	
	

	95
	10
	
	
	
	
	
	
	


Data sheet for INDY ONLY

Gas type: 



Gas Type:

	Throttle % closed
	Flow (sccm)
	
	
	
	
	
	
	

	0
	10
	
	
	
	
	
	
	

	0
	20
	
	
	
	
	
	
	

	0
	30
	
	
	
	
	
	
	

	0
	40
	
	
	
	
	
	
	


	Throttle % closed
	Flow (sccm)
	
	
	
	
	
	
	

	25
	10
	
	
	
	
	
	
	

	25
	20
	
	
	
	
	
	
	

	25
	30
	
	
	
	
	
	
	

	25
	40
	
	
	
	
	
	
	


	Throttle % closed
	Flow (sccm)
	
	
	
	
	
	
	

	50
	10
	
	
	
	
	
	
	

	50
	20
	
	
	
	
	
	
	

	50
	30
	
	
	
	
	
	
	

	50
	40
	
	
	
	
	
	
	


	Throttle % closed
	Flow (sccm)
	
	
	
	
	
	
	

	75
	10
	
	
	
	
	
	
	

	75
	20
	
	
	
	
	
	
	

	75
	30
	
	
	
	
	
	
	

	75
	40
	
	
	
	
	
	
	


	Throttle % closed
	Flow (sccm)
	
	
	
	
	
	
	

	90
	10
	
	
	
	
	
	
	

	90
	20
	
	
	
	
	
	
	

	90
	30
	
	
	
	
	
	
	

	90
	40
	
	
	
	
	
	
	


	Throttle % closed
	Flow (sccm)
	
	
	
	
	
	
	

	95
	10
	
	
	
	
	
	
	

	95
	20
	
	
	
	
	
	
	

	95
	30
	
	
	
	
	
	
	

	95
	40
	
	
	
	
	
	
	


