Appendix A

Bayard-Alpert lonization Gauges

This appendix attempts to explain the principles of operation of the Bayard-Alpert Ionization Gauge, or
BAG, outline its fundamental limitations and describe the ion gauge types that have successfully
surmounted some of them. A few practical tips are also provided along the way. The emphasis has been

placed on gauges that are commercially available.
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Principle of Operation

Introduction

The Bayard-Alpert ionization gauge (BAG) was first described in 1950’. Modern
versions of the gauge have preserved most of the basic elements of its original
implementation. Standardization of the BAG design has made it possible for vacuum
equipment manufacturers to produce generic ion gauge controllers, such as the IGC100,
capable of controlling BAGs from many different manufacturers.

BAGs are not perfect, and the user who believes their pressure indications without a
basic understanding of their operation is likely to be fooled.

This appendix attempts to explain the principles of operation of the BAG, outline its
fundamental limitations and describe the ion gauge types that have successfully
surmounted some of them. A few practical tips are also provided along the way. The
emphasis has been placed on gauges that are commercially available.

Since it is not possible to cover this complex gauge in a short note, a comprehensive list
of references is provided at the end that should allow the reader to find answers to most
problems.

Gauge Principles

Figure A-1 describes a prototypical BAG design. Electrons boil from the hot filament
(30Vdc) and are accelerated towards the anode grid (180Vdc). As the current (0.1-10 mA
typical) of highly energetic (150eV) electrons traverse the inner volume of the grid cage,
they ionize some of the gas molecules they encounter in their path. Electrons that do not
encounter any obstacles in their path, exit the grid and are immediately directed back into
its inner volume by the electrostatic field, resulting in a multiple-pass ionization path that
ultimately ends by collision with a grid wire. The ions formed inside the anode grid are
efficiently collected by the grounded (0Vdc) collector wire that is located along the axis
of the cylindrical grid and connected to the controller’s electrometer. If the electron
emission current and the temperature of the gas are constant, then the ion current is
proportional to the number density and the pressure of the gas. The positive ion current
provides an indirect measurement of the gas pressure.
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Figure A-1. Typical Bayard-Alpert configuration (glass-tubulated design)

Gauge Sensitivity

Definition

The number of ions formed inside the anode grid, and therefore the current measured by
the electrometer of Figure A-1, is a function of

the number of molecules per unit volume

the ionization cross section for the particular gas at the specified electron energy
the arrival rate of the electrons (i.e. emission current)

the path length of the electrons.

A simple ionization gauge equation, based on very simple assumptions’, that connects
these quantities is derived below and used to define a sensitivity factor for the BAG.

Let G; be the ionization cross section for a gas molecule, L the length of the ionizing
space, and A the cross-sectional area of the electron beam. The number of molecules
included in this volume is n-L-A, where n is the molecular density, related to the gas
pressure by n = P/(k-T). The collective ionization cross area of the molecules contained

in this volume is Ag= (n-L-A) -0;= 0;L-A-P/(k-T) and the fraction of incoming electrons
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that participate in ionizing collisions is Ag/ A = n-L-G; = 6;-L-P/(k-T). Let N be the
number of electrons entering the anode grid cage per unit time. The number of ionizing
collisions per unit time is then N-G;-L-P/(k-T) and, assuming all ions are effectively
collected, the corresponding collector current |, measured by the electrometer can then be
expressed as:

Ic = orL:[P/(k-T)]'N-e (egn.1)
where e is the electron charge.

Substituting the electron emission current |, = N-e into eqn. 1 leads to the expression
lc=[orL/(k-T)]le-P (egn. 2)

The factor [o;'L/(k-T)] is a function of (1) the gas type (o)), (2) the geometry of the gauge
(L), and (3) the absolute temperature (T), and is generally defined as the gauge sensitivity
factor, or S. Substituting this sensitivity factor into eqn. 2 leads to the standard ionization
gauge equation

I.=S:l,P (egn. 3)
And rearranging terms leads to the well-known expression for the gauge sensitivity factor
Sensitivity = (lon Current) / [(Electron Current)-( Pressure)] (eqn. 4)

This definition assumes a linear relationship between the pressure, the ion current and the
electron emission current, and provides a proportionality constant independent of the
electron current and dependent only on gas species, gauge geometry and operating
temperature. As defined, the sensitivity factor has units of reciprocal pressure (i.e. Torr™").

Some gauge manufacturers prefer to use the term gauge constant or gauge coefficient for
S. Then sensitivity can be reserved for the product S-l,, which is also an important
parameter for the gauge.

Knowing the sensitivity factor Sq for a gas g, and assuming the electron emission current
is also available, the total pressure for the pure gas can be easily calculated from the
collector current using the following equation

P =1./(Sqle) (eqn. 5)

A nominal sensitivity factor for nitrogen is usually provided by the gauge manufacturer.
This value should not be relied upon for accurate work since the precise values will vary
significantly between seemingly identical gauges and even more between different gauge
types, filament materials and operating potentials. Typical nitrogen sensitivity factors for
commercially available BAGs fall in the range of 8 to 45 Torr™'. Several aging
mechanisms are also responsible for changes in gauge sensitivity with time, affecting the
long term stability and reproducibility of BAG pressure readings.
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