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9 Switched Capacitor Circuits

Part 9.A—Switched capacitor basics

Consider the capacitors in Fig. 9.1. The charge on the capacitor is given by

There is no DC current flowing through the capacitor.

In Fig. 9.1 (b) we show a switched capacitor. During half a time period one capacitor plate
is connected to one node, , and during the second time period it is connected to the other node,

. Hence, we are first going to charge the capacitance with

and then charge/discharge it with

The net charge transported from  to  is

During one time period, the average current is

 or

This can be compared with Ohm’s law and we see that the capacitor more or less operates as a
resistance. However, it requires that  is very small, hence the frequency must be high.

We now have a way to implement an integrator with capacitors only (and an OP). In Fig. 9.2 we
show the active-RC integrator and the “same” integrator but with the resistor replaced with the
switched capacitor.Consider the case in Fig. 9.2 (b). One can “see” that during one phase the input
capacitor is charged by the input voltage. During the next phase, the capacitor is discharged. One
plate is connected to ground and the other is connected to the virtual ground at the input of the OP.
The voltage over is 0 and therefore, the charge must be 0 as well. From one of the plates (bot-
tom in the figure), the charge is transported downto ground and the charge from the other plate is
transported to the feedback capacitor, since no current can move into the gates (CMOS OP).
Thereby, the charge is accumulated (integrator function) on the feedback capacitor.

However, this configuration has some drawbacks, and we will get back to them in the next sec-
tions. The advantages with the switched-capacitor (SC) technique is that we now no longer need
to implement resistors on the chip. We only implement capacitors (except for the OP’s) and they
can also be matched very well.

Q C V1 V2–( )⋅=

Figure 9.1: Capacitor (a) with its charges and (b) in a switched circuit.
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