Op Amp Power Supply Ground by RLaw

A problem experienced by students just learning to build operational amplifier circuits, is caused by
a lack of a common ground connection to the power supply. It is imperative to proper op-amp
function that some terminal of the DC power supply be common to the “ground” connection of the
input signal(s). This provides a complete path for the bias currents, feedback current(s), and for the
load (output) current. Take this circuit illustration, for instance, showing a properly grounded power
supply:
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Here, arrows denote the path of electron flow through the power supply batteries, both for powering
the op-amp’s internal circuitry (the “potentiometer” inside of it that controls output voltage), and
for powering the feedback loop of resistors R1 and R.. Suppose, however, that the ground
connection for this “split” DC power supply were to be removed. The effect of doing this is
profound:



A power supply ground is essential to circuit operation!
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No electrons may flow in or out of the op-amp’s output terminal, because the pathway to the power
supply is a “dead end.” Thus, no electrons flow through the ground connection to the left of Ry,
neither through the feedback loop. This effectively renders the op-amp useless: it can neither
sustain current through the feedback loop, nor through a grounded load, since there is no
connection from any point of the power supply to ground.

The bias currents are also stopped, because they rely on a path to the power supply and back to the
input source through ground. The following diagram shows the bias currents (only), as they go
through the input terminals of the op-amp, through the base terminals of the input transistors, and
eventually through the power supply terminal(s) and back to ground.



Bias current paths shown, through power supply

Without a ground reference on the power supply, the bias currents will have no complete path for a
circuit, and they will halt. Since bipolar junction transistors are current-controlled devices, this
renders the input stage of the op-amp useless as well, as both input transistors will be forced into
cutoff by the complete lack of base current.



