How to eliminate a power supply when using a fully differential amplifier
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There’s a common misconception when designing with a fully differential amplifier (FDA). Designers often convert a single-ended bipolar signal into a differential signal with a DC offset to drive an analog-to-digital converter (ADC) with a single positive supply in a configuration similar to the one shown in Figure 1.    




Figure 1: FDA driving an ADC
In this example, a single-ended +/-1V signal is converted to a differential signal with a gain of -2 and shifted up by 1.5V to drive an ADC with a single supply.

The misconception is that the FDA must have a symmetrical negative supply since its input is symmetrical with respect to ground. However, if the FDA can accept inputs as low as its negative supply, the symmetrical negative supply is unnecessary. You can actually use the board ground as the FDA’s negative supply, as illustrated in Figure 2. 




Figure 2: Typical FDA circuit performing the single-ended-to-differential conversion
With the negative FDA supply at ground, the FDA’s negative ouput, Vout_neg, can never be below ground. Since the positive input of the FDA, Vin_pos, is just Vout_neg attenuated by Rg/(Rg+Rf), Vin_pos can never be below ground. The high open-loop gain of the FDA creates a virtual short between the two inputs, which ensures that the FDA’s negative input, Vin_neg, is never below ground.

Even if the input signal is pseudo-differential and referenced to a negative voltage, you may still be able to use ground as the negative supply of the FDA. In Figure 3, assume that Vref = -0.1V, minimum Vout from the FDA data sheet is 0.2V, and Rf = 2Rg for a gain of -2:




Figure 3: FDA with a pseudo-differential input
The equation for the minimum input on the FDA positive input, Vin_pos, is as follows:




The virtual short at the FDA inputs ensures the inputs of the FDA will never be below ground.

If you set the FDA gain and Vocm so that the minimum Vout_neg is higher than the value specified in the FDA data sheet as the minimum output, even lower values of Vref may be acceptable.

The bottom line is that an FDA with negative-rail inputs (NRI) can save the expense and board space of a negative FDA power supply when converting a single-ended or pseudo-differential signal into a differential signal with positive offset. Be sure to look for a single FDA supply between 3V and 5V and consider a high-bandwidth, low-power FDA, like the THS4521.

Additional resources:
· Learn how to use single-supply FDAs with negative input voltages to drive ADCs (technical article). 

· Read about how to use FDAs as attenuators (technical article).

· Check out other high-speed amplifier blog posts. 

· Sign in to Comment 
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