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I ntroduction

This note discusses some issues that occur when differential amplifiers are connected to
floating input transducers.

A floating voltage is a voltage that is not referenced to the system ground. The voltage
may be referenced to the ground of a different system with the voltage between the two
system grounds undefined. The problem of floating voltage sources frequently occurs
when differential input amplifiers are used to process signals from input transducers. The
input transducer may either be a voltage source in of itself (thermocouple, solar cells,
microphone, €tc.), have battery operated electronics, or be powered from an isolated
power supply. In each case the input voltage is floating unless there is a connection
between the electrical grounds of the transducer system and amplifier system.

Connecting the two grounds is not always practical or desirable.

Understand that a floating voltage is not a problem that must be eliminated but rather a
system issue (like any system issue) that must be dealt with appropriately. There are
situations (ion collectors for example) where atransducer must be floated at severa
hundred volts relative to system ground for practical reasons. Issues with floating voltage
sources occur often enough in instrumentation so that a number of manufactures sell what
isknown asisolation amplifiers. An isolation amplifier permits signals to be coupled
from one system to another where the impedance between the two groundsis essentialy
infinite. The voltage between the two system grounds may also be large (perhaps several
thousand volts). Inductive or optical methods are frequently used.

Circuit Analysis

Often it is possible to make a mathematical circuit transformation that converts the
floating voltage to an equivaent ground based voltage. Thistransformation isthetrivial
replacement of the single input voltage with the difference of two voltages relative to
system ground. If thistransformation is valid then conventiona nodal analysis can be
performed to determine circuit function. Nodal analysis can be used if both of the
following rules apply to the circuit.
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Rule 1. There must be a definite and finite resistance (DC) or impedance (AC) between
the electrical grounds of the two systems.

Rule 2. The finite value from Rule 1 must result in negligibly small effects when the
differential input amplifier input characteristics such asimpedance, bias current,
etc. are considered.

There are two reasons why it is desirable to be able to mathematically handle floating
voltage sources without resorting to simplifying circuit transformations.

1. The circuit transformations are not always valid as an example will show. Not
understanding the problem or incorrectly applying the rulesresultsin an invalid
transformation.

2. Even when the transformation seems valid there will always be people who are
not convinced (perhaps rightly so) and will only believe an analysis that does not
depend on any connection of the input voltage to system ground.

For the mathematics to be convincing the input voltage must not be converted to a ground
based voltage such asVin =V1 - V2. Thistransformation is so smple and obvious that it
isdifficult to avoid inadvertently doing it. The urge to do nodal analysis using ground
based voltages must be avoided. Only loop analysis can be used for any equation
involving the floating input voltage. Other equations can be nodal.

If the loop analysis works then you end up proving that the amplifier output isidentical to
the result of modeling the input voltage as V1 - V2 and using nodal analysis (i.e. the easy
way). So what isthe point? Notethat | implied that the loop analysis might not work. It
is possible to get stuck with a current being two different values at the same time or just
not defined at all. Inthiscaseit isnot possible to predict what the amplifier will do. This
isareal problem that must be solved — the electronics can not be proved to work evenif it
produces the correct output for some test cases. Either an isolation amplifier must be
used or an impedance must be placed between the two system grounds. Note that nodal
analysis using the transformation would not have revealed this problem. If a problem
exists you want to know about it. Solving the circuit in a way that hides the problem does
not make the problem go away.

The attached hand notes show the analysis of afloating voltage source (i.e. a battery)
connected to a standard 4-resistor differential amplifier and a standard instrumentation
amplifier. Inthefirst case both rules clearly apply because of the connections viathe
resistors. In the second case the rules do not apply and the loop analysis also failsto
work.
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The problem in the second case is resolved by placing an appropriate impedance between
the two system grounds. Why not just make this impedance zero asin awire?
Sometimes thisis fine but doing so could introduce what is known as a ground loop and
defeat the purpose of using an instrumentation amplifier — to remove common mode

interference signals. The impedance should be as large as possible consistent with Rule
2.
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