Applying Power 

No (active) circuit works without power, so this has to be the first step. Most opamps will operate with a maximum of 36V between the supply terminals. As this is the absolute maximum, operation at a lower voltage is the general rule, and the most common is to use +/-12V to +/-15V to power the circuit. Some opamps are rated for higher voltages, and others for less, so consult the spec sheet from the manufacturer. 

A dual supply is not required, but it does simplify the design, and is recommended for most applications. A dual supply has the advantage that all inputs and outputs are earth (ground) referenced. This can eliminate a great many capacitors from a complex design, and is the most common way to power most opamp circuits. Note that from a commercial perspective, elimination (or reduction) of capacitors is done for economic reasons rather than any great desire to simplify the signal path. 

Since the pinouts are nearly always the same, Figure 1 will be applicable in most cases, but as I said earlier "Don't count on it!". When in doubt, get the specification sheet from the manufacturer. When not in doubt, get the specification sheet anyway. 

Power Supply Rejection Ratio 
The PSRR (Power Supply Rejection Ratio) of an opamp is a measure of the amount of power supply noise that finds its way into the output signal. Most specification sheets give the test conditions for this measurement, and this should be consulted if an unusual design is contemplated. Mostly it can be ignored. 

Bypassing 
Although most opamps have a very good PSRR, it is always recommended that the supply be bypassed with capacitors - especially with high speed opamps. Bypassing should always use capacitors with good high frequency performance, and ceramics are probably the best in this regard. It is common for designs to use electrolytic capacitors, themselves bypassed by low value (100nF) capacitors. This ensures that all noise sources are minimised, and helps to prevent oscillation. When this occurs with a high speed (HS) opamp, it will commonly be in the MHz region, and is extremely hard to see on most oscilloscopes. 

A sure sign is inexplicable distortion, that mysteriously disappears (or appears) when you touch the opamp, or a component in its immediate vicinity. 


Even with HS opamps, electrolytic capacitors are not needed for each device (generally needed only on each board), but the use of ceramic bypass caps between the supply pins of each device is highly recommended. Figure 2 shows the most common method of bypassing power supplies for opamp circuits (A), but there are others. In some cases, the supplies may not be bypassed to earth (ground), but just to each other. This has the advantage of not coupling supply noise into the earth (ground) system (B). 

Claims have been made that supply bypassing ruins the sound (rubbish), or that ceramic caps should never be used in audio, even for bypassing (more rubbish), and even that high value capacitors (> 1uF) slow down the sound (unmitigated drivel). These claims are made by frauds and charlatans, and should be completely ignored - they have no basis in fact whatsoever, and indeed, quite the reverse may be true in each case.



The Ideal Opamp 

An ideal opamp has an infinitely high input impedance, and therefore needs no bias current. It is also capable of infinite gain without feedback, so there are no errors between the two inputs (i.e. Rules 1 & 2 will hold for all cases). The ideal opamp also has zero ohms output impedance, and is capable of supplying as much current as you will ever need. The ideal opamp does not exist :-( 

Although it does not exist, the ideal opamp is the common model for nearly all opamp circuits, and few errors are encountered in practice as a result of designing for the ideal, and actually using a real (non-ideal) device. The tolerance of even the best resistors will ultimately limit the accuracy of any opamp circuit at low frequencies (where gain is highest). 

The primary practical limitations are:

· Input Impedance - Typically from one to several hundred Megohms. FET inputs are used for very high impedance inputs 

· Gain - 100dB at up to a few hundred Hertz is common 

· Common Mode Input Voltage - typically limited to the supply voltages, but may be up to 0.6V greater with some designs 

· Bandwidth - opamps with a usable high frequency limit of 1MHz at unity gain are now common 

· Output Current - most common opamps are limited to about 20mA of output current. 

There are others, such as input offset voltage and current, but we shall not concern ourselves with these parameters just yet. Power opamps may be capable of up to 10A, but these are outside the scope of this section of the article. 

The use of ideal opamps is assumed for much of the following, but all are designed to function properly with real world devices. In practice the difference between an ideal opamp and the real thing are so small as to be ignored, but with one major exception - bandwidth. This is the one area where most opamps show their limitations, but once properly understood, it is quite easy to maintain a more than adequate frequency response from even basic opamps.

The common mode input voltage can be important in some applications. Ideally, an opamp only reacts to the voltage difference between its inputs. Provided this does not change, in theory, the actual voltage between the two inputs and the common (zero volt line) may be anywhere within the specified range with no change in the output voltage. In other words, the inputs can assume any voltage between the negative and positive supplies, and there will be (almost) no change at the output.

With a real (as opposed to ideal) opamp, there will be some change, and this is specified as the common mode rejection ratio. An opamp with a CMRR of 100dB (not uncommon) will ensure that the change in output voltage is 100dB less than the change of input voltage (as applied to both inputs simultaneously. Any difference between the inputs is amplified normally. CMRR is affected by the open loop gain of the opamp, so is usually worse at high frequencies.

